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" Description

Technical Field

[o001] The present.invention relates to a propylenic polymer which has an excellent metlt flowability, contains a less -

~ amount of stickiness-causing components, has a low modulus and is pliable, and is capable of providing a transparent

molded article, thus being useful as a substitute for a pliable vinyl chloride resin, a method for producing the same, a
propylenic resin composition and a molded article made therefrom; a propylenic polymer composition which is excelient
in terms of heat seal peformance at a low temperature and moldability, and is capable of providing a film or a molded
article which is excellent in terms of transparency and rigidity, as well as a molded article, a film or a laminated article
made therefrom.

[0002] More particularly, the invention relates to a polypropylenic polymer oomposmon which is obtained by a
polymerization using a metallocene catalyst, has a narrow molecular weight distribution and exhibits an excellent moid--
ability and secondary processability (low temperature heat seal performance) and also to a film made therefrom.
{0003] Furthermore, the invention relates to a transition metal compound and a polymerization catalyst employed
preferably in a polymerization of an olefinic resins mentioned above. Background of the Invention

foo04] A vinyl chloride resin which has widely been employed as a pliable synthetic resin is known to generate a
hazardous material during a combustion process, because of which a development of a substitute of a vinyl chloride
resin is desired. One substitute for a pliable vinyl chloride resin is a propylenic polymer. While a propylenicipolymer is
ptoduced in the presence of various catalyst, a propylenic polymer produced using a conventional catalyst system
involves a disadvantageously increased amount of stickiness-causing components as a result of an attempt to impart
a pliability (i.e. a low modulus). The increase in the amount of stickiness-causing atactic polypropylenes (herelnafter
referred to as APP) leads to a deteriorated surface condition of a molded article 6btained.

{0005] On the other hand, an application of a molded article in a forrm of a sheet or a film to a food product or a med-
ical use may involve various problems. Accordingly, a propylenic polymer having a more satisfactorily welghed relation-
ship between a low leve] of the modulus and the quantity of the stickiness-causing components is desired.

[0006] Since a propylenic polymer generally has a greater supercooling degree required for initiating a crystalliza-
tion when compared with an ethylenic polymer, it provides a resin characterized by a lower crystallization temperature
even if it has a same melting point. Accordingly, it may cause a problematically poor molding performance especially
with a heat seal grade product having a low melting point. In an attempt to reduced the heat seal temperature, a method
for reducing the stereoregularity index of a propylenic polymer is employed, or a copolymer with other olefins is used.
Among those produced in such attempt, a conventional low stereoregular propylenic polymer obtained by using a Zie-
gler catalyst system has a broad stereoregularity distribution, and an attempt to obtain a pliable polymer (i.e. having a
low modulus) results in an increase in the amount of stickiness-causing components, including one derived from APP
which causes a poor physical property of a low stereoregular propylenic polymer, such as a poor surface condition of a
molded article once such propylenic polymer is molded. Thus, it is desired to obtain a film, a fiber, a sheet or a molded
article in which a low melting point and a very narrow stereoregularity distribution possessed by a low stereoregular pol-
ymer are still preserved and which has an excellent transparency and a low temperature heat seal performance and is
highly rigid.

[0007] Other disadvantageous characteristics of a propylenic polymer include a high glass transition temperature
Tg (about 0 °C), due to which the impact resistance at a low temperature (e.g. -30 °C) is problematically poor.

[0008] Recently, an olefin polymer produced by using a metallocene catalyst was also proposed, but a metallocene
catalyst has a limited active center, which results in a narrow molecular weight distribution of a polymer obtained, which
is suitable to a precise injection molding or an ordinary injection molding and can preferably be employed to mold-a
fiber, but is not always satisfactory when applied to a heat molding, an extrusion, a blow molding or a molding of a foam
or a film. An LLDPE (linear low density polyethylene) obtained using a metallocene also involves the problems of poor
transparency and surface condition, although it has a pliability.

Disclosure of the Invention

[0008) An objective of the invention is to provide a propylenic polymer which has an excellent melt flowability, con-
tains a less amount of stickiness-causing components, has a low modulus and is pliable, and is capable of providing a
transparent molded article, a method for producing the same, a propylenic resin composition and a molded article made
therefrom; a propylenic polymer composition which is excellent in terms of heat seal performance at a low temperature
and moldability, and is capable of providing a film or a molded article which is excellent in terms of transparency and
rigidity, as well as a molded article, a resin modifier, a film or a laminated article made therefrom.

[0010) Another objective of the invention is to provide a polypropylenic polymer composition which is obtained by a
polymerization using a metallocene catalyst, has a narrow molecular weight distribution and exhibits an excellent moid-
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ability and secondary processability (low temperature heat seal performanoe) as well as a film made threrefrom, and
also to provide a transition metal compound, a polymerization catalyst and a method for production which are employed
preferably in a polymerization of an olefinic resins mentioned above. - !

- [0011] We made an effort and discovered that various parameters such as an isotactic pentad fraction (mmmm),

molecular distribution, intrinsic viscosity [n] and stereoregularity index (P) are related closely to various properties of a
propylenic polymer, and finally established the invention.
[0012] Thus, the present application consists of the following inventions.

1. First invention

[0013]

1. A propylenic polymer WhICh isa propylene homopolymer having an. isotactic pentad fraction (mmmm), which
indicates a stereoregulariry, of 30 to 80 %, a molecular weight dlstnbutlon (Mw/Mn) of 3.5 or less and an intrinsic
viscosity [n] of 0.8 to 5 di/g; -
2. A propylenic polymer which is a propylenic copolymer produced by oopolymensmg propylene and ethylene‘
and/or an a-olefin having 4 to 20 carbon atoms having a stereoregutarity index (P) of 55 to 90 % by mole, a molec-
ular weight distribution (Mw/Mn) of 3.5 or less and an intrinsic viscosity [n] of 0.8 to 5 di/g;
. 3. Amethod for producing a propylenic polymer of above 1 wherein propylene is homopolymerized in the presence
of a polymerization catalyst comprising (A) a transition metal compound represented by Formula (1):

Al/A27E1\' |
\2/

MX, Y, (1)

in which M denotes a metal element of Group 3 to Group 10 or of lanthanoids in the periodic table, each of E' and
E? denotes a ligand selected from a substituted cyclopentadienyl group, an indenyl group, a substituted indenyi
group, a heterocyclopentadieny! group, a substituted heterocyclopentadienyl group, an amide group, a phospmde
group, a hydrocarbon group and a silicon-containing group, is crosslinked with each other via Al and A? and may
be same to or different from each other, X denotes a o-binding ligand, and, when two or more Xs are present they
may be same or different, and each may be crosslinked with other X, E', E2 or Y; Y denotes a Lewis base, and,
when two or more Ys are present they may be same or different, and each may be crosslinked with other Y, €', e?
or X, each of A' and A? denotes a divalent crosslinking group having two ligands including a hydrocarbon group
having 1 to 20 carbon atorns, a halogen-containing hydrocarben group having 1 to 20 carbon atorns, a silicon-con-
taining group, a germanium-containing group, a tin-containing group, -O-, -CO-, -S-, -SO,-, -Se-, -NR-, -PR-, -
P(O)R-, -BR- or -AIR- wherein R is a hydrogen atom, a halogen atom, a hydrocarbon group having 1 to 20 carbon
atoms and a halogen-containing hydrocarbon group having 1 to 20 carbon atoms, and each may be same to or dif-
ferent from each other; q is an integer of 1 to 5 and represents [(valency of M)-2], and r is an integer of 0 to 3 and
(B) a component selected from (B-1) a compound capable of forming an ionic complex by reacting with a transition
metal compound as a component (A) or a derivative thereof and (B-2) an aluminoxane;

4. A method for producing a propylenic polymer of above 2 wherein propylene and ethylene and/or an a-olefin hav-
ing 4 to 20 carbon atoms are copolymerized in the presence of a polymerization catalyst comprising a transition
metal compound represented by Formula (I) shown above and (B) a component selected from (B-1) a compound
capable of forming an ionic complex by reacting with a transition meta! compound as a component (A) or a deriva-
tive thereof and (B-2) an aluminoxane;

5. A molded article made from a propylenic polymer described above;

6. A propylenic polymer composition obtained by incorporating into a propylenic polymer of above 1 a nucleating
agent at a level of 10 ppm or higher;

7. A propylenic polymer composition obtained by incorporating into a propytenic polymer of above 2 a nucleating
agent at a level of 10 ppm or higher;

8. A propylenic polymer composition of above 6 or 7 wherein a propylenic potymer has a crystaliization temperature
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' ('Tc("C)) and a melting point (Tm (°C)), as determined by a differential scanning calorimeter, which are in the rela-
tionship represented by the formula: Tc 2 0.75Tm-15; ’

9. A molded article and a film made from a propylenic polymer composition of any of 6 to 8 described above; and, .

10. A laminated article comprising as at least one layer component a propylenic potymer composition of any of 6to
8 described above. '

{l. Second invention

[001 4]

1.A ﬁropylenic polymer satisfying the following requirements (1) and (2):

(1) the amount of the components which are dissolved out into hexéne at 25 °C (H25) ranges from O to 80 %
by weight; and,

(2) no melting point (Tm(°C)) is observed in DSC or, when any Tm is observed then the Tm and the fusion
‘endothermic calorie AH(J/gr.) are in the relationship represented by the following formula:

AH 2 6 x (Tm-140);
2. A propylenic polymer satisfying the following requirements (1) to (3):

(1) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising
chromatography ranges from 20 to 100 % by weight; ’ ’
(2) the amount of the components which are dissolved out into hexane at 25 °C (H25) ranges from 0 to 80 %
‘by weight; and, '

(3) no melting point (Tm(°C)) is observed in DSC or, when any Tm'is observed then the Tm and the fusion
endothermic calorie AH(J/gr.) are in the relationship represented by the following formula:

AH 2 6 x (Tm-140);
3. A propylene homopolymer satisfying the following requirements (1) to (3):

{1) the meso-pentad fraction (mmmm (in percentage terms by mole)) ranges from 20 to 60 % by mole;
{2) the racemi-pentad fraction (rrrr) and (1-mmmm) are in the relationship represented by the following formula:

[rrre/(1-mmmm)] < 0.1

wherein the racemi-pentad fraction (rrrr) and the meso-pentad fraction (mmmm) are not in percentage terms;
and, ’

(3) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising
chromatography ranges from 20 to 100 % by weight;

4. A propylenic copolymer satisfying the following requirements (1) and (2):
(1) the stereoregularity index (P) determined by a '3C-NMR ranges from 55 to 90 % by mole; and,

(2) the amount of the components which are dissoived out at 25 °C or lower (W25) in a temperature-raising
chromatography ranges from 20 to 100 % by weight.

" 5. A propylene homopotymer of above 1 or 2 or a propylenic copolymer of above 4 having a molecular weight dis-

tribution (Mw/Mn) determined by a gel permeation chromatography (GPC) of 4 or less and/or an intrinsic viscosity
[n] determined in a tetralin solvent at 135 °C of 0.5 to 15.0 dl/g;

6. A method for producing a propylene homopolymer of above 1, 2, 3 or 5 wherein propylene is homopolymerized
in the presence of a polymerization catalyst comprising (A} a transition metal compound represented by Formula
(1) shown below and (B) a component selected from (B-1) a compound capable of forming an ionic complex by
reacting with a transition metal compound as a component (A) or a derivative thereof and (B-2) an aluminoxane;
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in which M denotes a metal element of Group 3 to Group 10 or of lanthanoids in the periodic table, each of E' and
E? denotes a ligand selected from a substituted cyclopentadienyl group, an indenyl group, a substituted indenyl
group, a heterocyclopentadienyl group, a substituted heterocyclopentadiényl group, an amide group, a phosphide
group, a hydrocarbon group and a silicon-containing group, is.crosslinked with each other via A' and A2 and may
be same to or different from each other, X denotes a c-binding ligand, and, when two or more Xs are present they
may be same or different, and each may be crosslinked with other X, E1, £2 or Y; Y denotes a Lewis base, and,
when two or more Ys are present they may be same or different, and each may be crosslinked with other Y, g1 E?
or X, each of A' and A? denotes a divalent crosslinking group having two ligands including a hydrocarbon group
having 1 to 20 carbon atoms, a halogen-containing hydrocarbon group havipg 1 to 20 carbon atoms, a silicon-con-
taining group, a germanium-containing group, a tin-containing group, -0-, -CO-, -S-, -80g2-, -Se-, :NR-, -PR-, -
P(O)R-, -BR- or -AIR- wherein R is a hydrogen atom, a halogen atom, a hydrocarbon group having'1 to 20 carbon
atoms and a halogen-containing hydrocarbon group having 1 to 20 carbon atoms, and each may be same to or dif-
ferent from each other; q is an integer of 1 to 5 and represents [(valency of M)-2], and r is an integerof Oto 3;

7. A method for producing a propylenic copolymer of above 4 or 5 whergin propylene and ethylene and/or an o-
olefin having 4 to 20 carbon atoms are copolymerized in the presence of a polymerization catalyst comprising (A)
a transition metal compound represented by Formula (I) shown below and (B) a component selected from (B-1) a
compound capable of forming an ionic complex by reacting with a transition metal compound as a component (A)
or a derivative thereof and (B-2) an aluminoxane; :

1/A/"-/Elv\imx

E2

Y, (1)

é& q

in which M denotes a metal element of Group 3 to Group 10 or of lanthanoids in the periodic table, each of E' and
E? denotes a ligand selected from a substituted cyclopentadienyl group, an indenyl group, a substituted indenyl
group, a heterocyclopentadienyl group, a substituted heterocyclopentadienyl group, an amide group, a phosphide
group, a hydrocarbon group and a silicon-containing group, is crosslinked with each other via A! and A? and may
be same to or different from each other, X denotes a ¢-binding ligand, and, when two or more Xs are present they
may be same or different, and each may be crosslinked with other X, E', E2 or Y; Y denotes a Lewis base, and,
when two or more Ys are present they may be same or different, and each may be crosslinked with other Y, E', E?
or X, each of A' and A? denotes a divalent crosslinking group having two ligands including a hydrocarbon group
having 1 to-20 carbon atoms, a halogen-containing hydrocarbon gro’up having 1 to 20 carbon atoms, a silicon-con-
taining group, a germanium-containing group, a tin-containing group, -O-, -CO-, -S-, -SO5-, -Se-, -NR-, -PR-, -
P(O)R-, -BR- or -AIR- wherein R is a hydrogen atom, a halogen atom, a hydrocarbon group having 1 to 20 carbon
atoms and a halogen-containing hydrocarbon group having 1 to 20 carbon atoms, and each may be same to or dit-
ferent from each other; g is an integer of 1 to 5 and represents [(valency of M)-2}, and r is an integer of 0 to 3;

8. A propylenic resin composition obtained by adding a nucleating agent to a propylenic polymer, a propylene
homopolymer or a propylenic copolymer of any of above 1 to 5;

9. A molded article obtained by molding a propylenic polymer, a propylene homopolymer, a propylenic copolymer
or a propylenic resin composition of any of above 1 to § or 8; and,

10. A propylenic resin modifier comprising a propylenic polymer, a propylene homopolymer or a propylenic copol-
ymer of any of above 1to 5. ’

E2
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1. A propylenic polymer satisfying the following requirements (1) to (3):

(1) the amount of the components which are dissolved out into hexane at 25 °C (H25) ranges from 0 to 80 %
by weight;

(2) no melting point (Tm(°C)) is observed in DSC or, when any Tm is observed then the Tm and the fusion
endothermic calorie AH(J/gr.) are in the relationship represented by the following formula:

AH 2 6 x (Tm-140);

and,

(3) the molecular weight distribution (Mw/Mn) determined by a ge! permeation chromatography (GPC) ranges
from 2.5 to 14.0 and the intrinsic viscosity [1] determined in a decalin solvent at 135 °C ranges from 0.5t0 15.0
dug;

2. A propylene homopolymer satisfying the following requirements (1) to (3): ] '

(1) the meso-pentad fraction (mmmm (in percentage terms by mole)) ranges from 20 to 85 % by mole;
(2) the racemi-pentad fraction (rrrr) and (1-mmmm) are in the relationship represented by the following formula:

{rrre/(1-mmmm)] < 0.1

wherein the racemi-pentad fraction (rrrr) and the meso-pentad fraction (mmmm) are not in percentage terms;
and, : - i .
(3) the molecular weight distribution (Mw/Mn) determined by a gel permeation-chromatography (GPC) ranges
from 2.5 to 14.0 and the intrinsic viscosity [n)] determined in a decalin solvent at 135 °C ranges from 0.5 to 15.0
alg; ; .

3. A propylenic copolymer satisfying the following requirements (1) and (2):

(1) the stereoregularity index (P) determined by a 3C-NMR ranges from 55 to 80 % by mole; and, (2) the
molecular weight distribution (Mw/Mn) determined by a ge! permeation chromatography (GPC) ranges from
2.5 to 14.0 and the intrinsic viscosity [n] determined in a decalin solvent at 135 °C ranges from 0.5 to 15.0 di/g;

4. A propylenic polymer, a propylene homopolymer or a propylenic copolymer of any of above 1 to 3 having a com-
plex viscosity coefficient [n*] (Pa = s) and an intrinsic viscosity [n] (d/g) at the frequency «, based on the frequency
distribution determination of the melt viscoelasticity, of 100 rad/sec which are in the relationship represented by the
formula:

n* < 1597 + 743,

5. A method for producing a propylenic polymer, a propylene homopolymer or a propylenic copolymer of any of
above 1 to 4 wherein a polymerization is effected by a multi-step polymerization process comprising at least a step
in which propylene is homopolymerized, or propylene and ethylene and/or an a-olefin having 4 to 20 carbon atoms
are copolymerized in the presence of a polymerization catalyst comprising:

(A) a transition metal compound represented by Formula (I} shown below and (B) a component selected from
(B-1) a compound capable of forming an ionic complex by reacting with a transition metal compound as a com-
ponent (A) or a derivative thereof and (B-2) an aluminoxane.
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(1)

A

in which M denotes a metal element of Group 3 to Group 10 or of lanthanoids in the periodic table, each of E
and E? denotes a ligand selected from a substituted cyclopentadienyl group, an indenyl group, a substituted
indeny! group, a heterocyclopentadienyl group, a substituted hetefocyclopentadienyl group, an amide group, a
phosphide group, a n-binding hydrocarbon group and a silicon-containing group, is crosslinked with each other
via A! and A2 and may be same to or different from each other, X denotes a ¢-binding ligand, and, when two
or more Xs are present they may be same or different, and each may be crosslinked with other X, E', ERorY;
Y denotes a Lewis base, and, when two or more Ys are present they may be same or different, and each may
be crosslinked with other Y, E', E2 or X, each of A" and A2 denoctes a divalent crosslinking group having two
ligands including a hydrocarbon group having 1 to 20 carbon atoms, a halogen-containing hydrocarbon group
having 1 to 20 carbon atoms, a silicon-containing group, a germanium-containing group, a tin-containing group,
-O-, -CO-, -S-, -S0,-, -Se-, -NR-, -PR-, -P(O)R-, -BR- or -AlIR- wherein R is a hydrogen atom, a halogen atom,
a hydrocarbon group having 1 to 20 carbon atoms and a halogen-containing hydrocarbon group having 1 to 20
carbon atoms, and each may be same to or different from each other; q is an integer of 1 to 5 and represents
{(valency of M)-2}, and r is an integer of O to 3; and,

6. A molded article obtained by molding a propylenic polymer, a propytene homopolymer or a propylenic copolymer
of any of above 11to 4. ’

* IV. Fourth invention

[oo16]

1. A propylenic resin composition comprising a propylene homopolymer (a) and/or a propylenic copolymer (a') and
satisfying the following requirements [1] to [3]:

[1] the amount of the components extracted with a boiling dnethylether ranges 1 to 99 % by weight;

[2] in a propylene homopolymer (a), a component extracted with a boiling diethylether satisfies the following
requirements (1) to (3):

(1) the meso-pentad fraction (mmmm (in percentage terms by mole)) ranges from 20 to 60 % by mole; '
(2) the racemi-pentad fraction () and (1-mmmm) are in the relationship represented by the following for-
mula: '

frere/ (1 -mmmm)] < 0.1

wherein the racemi-pentad fraction (rrrr) and the meso-péntad fraction (mmmm) are not in percentage
terms; and, )

{3) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising
chromatography ranges from 20 to 100 % by weight; and,

[3] in a propylenic copolymer (a'), a component extracted with a boiling diethylether satisfies the following
requirements (4) and (5):

{4} the stereoregularity index (P) determined by a '3C-NMR ranges from 55 to 90 % by mole; and, (5) the
amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising chro-
matography ranges from 20 to 100 % by weight;
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2. A propylenic resin composition comprising 1 to 99 % by weight of a propylenic polymer [!] and 99 to 1 % by
weight of a polyolefin [Il] in which said propylenic polymer [1} satisfies the following requirements (1) to'(3):

(1) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising
chromatography ranges from 20 to 100 % by weight; . ‘ :
(2) the amount of the components which are dissolved out into hexane at 25 °C (H25) ranges from 0 to 80 %
by weight; and,

{3) no melting point (TM(°C)) is observed in DSC or, when any Tm is observed then the Tm and the fusion
endothermic calorie AH{J/gr.) are in the relationship represented by the following formula:

AH 2 6 x (Tm-140);

3. A propylenic resin composition comprising 1 to 99 % by weight of a propylene homopolymer (a) and 9910 1 %
by weight of a polyolefin [} in which said propylene homopolymer (a) satisfies the following requirements (1) to (3):

(1) the meso-pentad fraction (mmmm(in percentage terms by mole)) ranges from 20 to 60 % by mole;
(2) the racemi-pentad fraction (1) and (1-mmmm) are in the relationship represented by the following formula:

frrer/(1 -mmmrﬁ)] <01 ) '

wherein the rai:emi-pentad fraction (rrrr) and the meso-pentad fraction (mmmm) are not in percentage terms;
and,

(3) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising
chromatography ranges from 20 to 100 % by weight;

4. A propylenic resin composition comprising 1 to 99 % by weight of a propylenic copolymer (a') and 99 to 1 % by
weight of a polyolefin (11] in which said propylene homopolymer (a') satisfies the following requirements (1) and (2):

(1) the stereoregularity index (P) determined by a 13C-NMR ranges from 55 to 90 % by mole; and,
(2) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising
chromatography ranges from 20 to 100 % by weight;

5. A propylenic resin composition of any of above 1 to 4 in which a propylene homopolymer (a) and a propylenic
copolymer (a') each independently satisfy the following requirements (1) and/or (2):

(1) the molecular weight distribution (Mw/Mn) determined by a gel permeation chromatography (GPC) is4or
less; and, !

(2) the intrinsic viscosity [n] determined in a tetralin solvent at 135 °C ranges from 0.5 to 15.0 di/g;

6. A propylenic resin composition of any of above 2 to 5 in which a polyolefin [l] has a crystalliiation temperature
(Tc(°C)) and consists of a propylenic polymer (b) having a Tc20 °C and/or an olefin polymer (b') having a glass tran-
sition temperature Tg<-10 °C;

7. A method for producing a propylenic resin composition of any of above 1 to 6 comprising homopolymerizing pro-
pylene or copolymerizing propylene and ethylene and/or an a-olefin having 4 to 20 carbon atoms in the presence
of a co-catalyst comprising a metallocene catalyst comprising: ’

(A) a transition metal compound represented by Formula (l) shown below and (B) (B-1) a compound capable
of forming an ionic complex by reacting with a transition metal compound as a component (A) or a derivative
thereot or (B-2) an aluminoxane and at least one other catalyst.
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(I)

A

\
/

in which M denotes a metal element of Group 3 to Group 10 or of lanthanoids in the periodic table, each of 3
and E2 denotes a ligand selected from a substituted cyclopentadieny! group, an indenyl group, a substituted
indenyl group, a heterocyclopentadienyl group, a substituted heterocyclopentadienyl group, an amide group, a
phosphide group, a hydrocarbon group and a silicon-containing group, is crosslinked with each other via Al
and A2 and may be same to or different from each other, X denotes a ¢-binding ligand, and, when two or more

. Xs are present they may be same or different, and each may be crosslinked with other X, E', E2orY; Y denotes
a Lewis base, and, when two or more Ys are present they may be same or different, and each may be
crossiinked with other Y, E', E2 or X, each of A! and A? denotes-a divalent crosslinking group having two lig-
ands including a hydrocarbon group having 1 to 20 carbon atoms, a halogen-containing hydrocarbon group
having 1 to 20 carbon atoms, a silicon-containing group, a germanium-containing group, a tin-containing group,
-0-, -CO-, -S-, -805-, -Se-, -NR-; -PR-, -P(O)R-, -BR- or -AIR- wherein R is a hydrogen atom, a halogen atom,
a hydrocarbon group having 1 to 20 carbon atoms and a halogen-containing hydrocarbon group having 1 to 20
carbon atoms, and each may be same to or different from each other; q is an integer of 1 to 5 and represents
{(valency of M)-2], and r is an integer of O to 3;

8. A method for producing a propylenic resin composition of any of above 1 to 6 comprising homopolymerizing pro-
pylene or copolymerizing propylene and ethylene and/or an a-olefin having 4 to 20 carbon atoms in a muiti-step
polymerization process comprising at least a process employing a metallocene catalyst of above 7; and,

9. A molded article made from a propylenic resin composition of any of above 1 to 6.

V. Fifth invention

[0017]

1. A propylenic resin composition having a peak top temperature (Tc(°C)) on the side of the maximum temperature
on a crystallization curve and a differential calorie (AHm(J/g)) on a fusion curve, as determined by a differential
scanning calorimeter (DSC), which are in the relationship represented by the following formula (1-1):

Tc = (1/4) - AHmM + 90 -1

and having a frequency (o({rad/sec)) at which the’ storage modulus (G'(Pa)) and the loss elasticity (G"(Pa)) based
on the frequency distribution determination of the melt viscoelasticity become equal to each other and a AHm,
which are in the relationship represented by the following formula (2-1):

o < (1/10)  AHmMm + 15 2-1);

2. A propylenic resin composition of above 1 comprising 1 to 99 % by weight of a propylenic polymer {I] satisfying
the following requirements (1) to (3) and 99 to 1 % by weight of a crystalline propylenic polymer [Il}:

(1) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising
chromatography ranges from 20 to 100 % by weight;

(2) the amount of the components which are dissolved out into hexane at 25 °C (H25) ranges from 0 to 80 %
by weight; and,

(3) no melting point (Tm(°C)) is observed in DSC or, when any Tm is observed then the Tm and the fusion
endothermic calorie AH(J/g) are in the relationship represented by the foliowing formula:

AH 2 6 x (Tm-140);
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3. A propylenic resin composition of above 1 comprising 1 to 99 % by weight of a propylene homopolymer {a] sat-
isfying the following requirements (1) to (3) and 99 to 1 % by weight of a crystalline propylenic polymer [li]:

(1) the meso-pentad fraction (mmmm (in percentage terms by mole)) ranges from 20 to 60 % by mole;
(2) the racemi-pentad fraction (rmr) and (1-mmmm) are in the relationship represented by the following formula: -

[rrvr/(1-mmmm)] < 0.1

wherein the racemi-pentad fraction (rrrr) and the meso-pentad fraction (mmmm) are not in percentage terms;
and, .
(3) the amount of the components which are dissolved out at 25 °C or lower {W25) in a temperature raising
chromatography ranges from 20 to 100 % by weight;

4. A propylenic resin composition of above 2 or 3 in which a propylenic polymer [I] of above 2 or a propylene
homopolymer [a] of above 3 satisfies the following requirements (1) and/or (2):

(1) the molecular weight distribution (Mw/Mn) determmed by a gel permeatron chromatogrephy (GPC)is 4 or
. less; and,
(2) the intrinsic viscosity [1j] determined in a tetralin solvent at 135 °C ranges from 0.5 to 15.0 di/g;*

5. A propylenic resin composition of any of above 2 to 4 in which a propylenic polymer [I] of above 2 or a propylene
homopolymer {a] of above 3 exhibits no melting point (Tm(°C)) in DSC;

6. A film or a sheet having a layer produced by a propylenic resin composition of any of above 1 to 5 and,

7. A film or a sheet of above 6 whose haze determined in accordance with JIS K7105 is 10 % or less.

VI. Sixth invention
{0018}

1. A polypropylenic resin composition cdmprising (A) 99 to 50 % by weight of a propylene hemopolymer having the
following characteristics (a1) to (a4):

(a1) the intrinsic viscosity [nj] is 0.5 to 5.0 dV/g;

(a2) the molecular weight distribution (Mw/Mn) is 3.5 or less;

(a3) the isotactic pentad fraction (mmmm (in percentage terms by mole)) is 40 to 99 % by mole and,

(a4) the isotactic pentad fraction{mmmm(in percentage terms by mole)) and the melting point {Tm(°C)) are in
the relationship represented by the following formula (l):

Tm < f[mmmm] + 65 ) (UX

and,

(B) 1 to 50 % by weight of a propylene homopolymer capable of forming an eutectic with a component (A) under a
rapid cooling condition upon film formation;

2. A polypropylenic resin composition of above 1 in which the crystallization temperature (TcB °C) of a component

(B) determined by a differential scanning calorimetry is higher by 0 to 40 °C than that (TcA °C) of a component (A);

3. A polypopylenic resin composition comprising (A') 99 to 50 % by weight of a propylenic polymer obtained by a

polymerization using a metallocene catalyst which is a propylene homopolymer and has an isotactic pentad frac-

tion (mmmm) of 80 to 99%, an intrinsic viscosity [n} of 1.0 to 2.0 dl/g and a molecular weight distribution (Mw/Mn

ratio) of 3.5 or less, and, (B") 1 to 50 % by weight of a propylenic polymer obtained by a polymerization using a met-

allocene catalyst which is a propylene homopolymer and has an intrinsic viscosity [n] of 0.01 to 1.0 d¥g and a

molecular weight distribution (Mw/Mn ratio) of 3.5 or less; and,

4. A film formed using a propylenic polymer composition of any of above 1 to 3.

Vil. Seventh invention
[o019]

1. A propylenic resin comprising: 99 to 50 % by weight of a propylene-a-oclefin copolymer (A°) having the following -
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characteristics (a1) to (a5):

(a1) the intrinsic viscosity [n] is 0.5 to 5.0 dlVg; : .

(a2) the molecular weight distribution (Mw/Mn) is 3.5 or less;

(a3) the stereoregularity index (P) is 50 to 99 % by mole,

{a4d) it is a propylenic random copolymer produced by using propylene and ethylene and/or an a-olefin having
4 1o 20 carbon atoms, in which the ethylene and/or an a-olefin having 4 to 20 carbon atoms is contained in an
amount of 0.1 to 30 % by mole; and,

(a5) the amount of the components which are dissolved out at0°C or Iower in a temperature-raising fractional
chromatography is 10 % by weight or less;

and, -

1 to 50 % by weight or a propylemc polymer (B ) capable of formlng an eutectlc wrth a component.(A’) under a rapid
cooling condition upon film formation;

2. A propylenic resin of above 1 in which the crystallization temperature (T'CB °C) of a component (B') determined

_by a differential scanning calorimetry is higher by 0 to 40 °C than that (T'CA °C) of a component (A');

3. A propylenic resin comprising a copolymer (A) of propylene and an a-olefin having 5 or more carbon atoms and
a propylenic polymer (B) having a crystallization temperature determined by a differential scanning calorimetry

~which is higher than that of the component (A), wherein {A) is present:in an amoum of 55 to 99 parts by welght and

(B) in an amount of 45 to 1 parts by weight;

4. A propylenic resin of above 1 in which the crystalhzatron temperature (Tca °C) of a copolymer (A) and the crys-
tatlization temperature (Teb °C) of a propylenic polymer (B), as determined by a differential scanmng calorimetry,
are in the relationship represented by the following formula:

Tcb-Tca220 . . Sy

5. A propylenic resin of above 3 or 4 in which the propylenic resin, when subjected to a temperature-raising frac-
tional chromatography, satisfies the following requirements {1), (2) and (3):

(1) when the main elution peak temperature is Tp(°C), the amount of the components dissolved out within the
temperature range from (Tp-5) °C to (Tp+5) °C is 65 % by weéight or more;

(2) the amount of the components dissolved out at 0 °C or lower is 3 % by weight or less; and,

(3) the amount of the components dissolved out at Tp+10 °C or higher is 1 to 45 % by weight, based on the
total weight;

6. A propylenic resin of any of above 3 to 5 wherein the peak top temperature on the side of the maximum temper-
ature on the crystalllzatlon curve of the propylenic resin, as determined by a differential scanning calonmetry, is 85
°C or higher.

7. A propylenic resin of any of above 3 to 5 wherein the peak top temperature on the side of the minimum temper-
ature on the fusion curve of the propylenic resin, as determined by a differential scanning calorimetry, is 150 °C or
lower;

8. A propylenic resin of any of above 3 to 7 wherein a copotymer (A), when subjected to a temperature- ralsmg trac-
tional chromatography, satisfies the following requirements (A-1) and (A-2):

(A-1) when the main elution peak temperature is Tp, the amount of the components dissolved out within the
temperature range from (Tp-5) °C to (Tp+5) °C is 70 by weight or more; and,
(A-2) the amount of the components dissolved out at 0 °C or lower is 3 % by weight or less;

9. A propylenic resin of any of above 3 to 8 wherein a copolymer (A) satisfies at least one of the following require-
ments (A-3), (A-4) and (A-5):

(A-3) a copolymer (A) contains an a-olefin unit having 5 or more carbon atoms in an amount of 0.1 to 12 % by
mole;

(A-4) the stereoregularity index (P) of a copolymer (A) is 85 % by mole or higher; and,

(A-5) a copolymer (A) has an intrinsic viscosity [n] determined in a decalin at 135 °C ranges from 0.5 to 3.0 dVg;

10. A propylenic resin of any of above 3 to 9 wherein the a-olefin unit having 5 or more carbon atoms which is a
constituent unit of a copolymer (A) is at least one of 1-octene, 1-dodecene and 1-decene;

11
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“11. A film formed using a propylenic resin of any of above 1to 10; and,
-12. A laminated article comprising as at least one layer component a propylenic polymer of any of above 1 to 10.

Viil. Eighth invention

. [0020)

1. A compound of a transition metal of Group 3 to Group 10 or of lanthanoids in the periodic table represented by
Formula (VHI): '

r30 R29
R*? .
; R23 3 R2®
‘ R29 X r27 |
22
RZS R2S Wt xS,

(VIII)

wherein each of A and A? denotes a crosslinking consisting of Group XIV meta! (C, Si, Ge, Sn) and may be same
to or different from each other, X* denotes a o-binding or n-binding ligand, and when two or more X* are present
they may be same or different, Y% is a Lewis base and when two or more Y are present they may be same or dif-
ferent, and each Y5 may be crosslinked with other Y5 or X4, q is an integer of 1 to 5 and represents [{valency of
M3)-2}, ris an integer of O to 3, each of RZ! to R3° denotes a hydrogen atom, a halogen atom, a hydrowrbon group
having 1 to 20 carbon atoms, a silicon-containing group and a heteroatom-containing group, and M denotes a
metal element of Group 3 to Group 10 or of lanthanoids in the periodic table;

2. An olefin-polymerizing catalyst obtained by bringing (A) a transition metal element of Group 3 to Group 10 or of
lanthanoids in the periodic table of above 1 into contact with (B) a compound capable of forming an ionic complex
by reacting with a transition metal compound as a component (A);

3. An olefin-polymerizing catalyst obtained by bringing (A) a transition metal element of Group 3 to Group 10 or of
lanthanoids in the periodic table of above 1 into contact with (B) a compound capable of forming an ionic complex
by reacting with a transition metal compound as a component (A) and with (C) an organic aluminum compound;
4. A method for producing an olefinic polymer characterized in that an olefin is polymerized in the presence of an
olefin-polymerizing catalyst of above 2 or 3;

5. A method for producing an olefinic polymer of above 4 wherein an organic aluminum compound isa tnalkyl alu-
minum; and,

6. A method for producing an olefinic polymer of above 4 or 5 wherein an olefin is propylene.

Best Mode for Carrying Out the Invention

[0021] The embodiments of the first to eighth invention§ are detailed below.

(1} First invention

[0022] A propylenic polymer of the first invention consists of propylene alone or propylene and ethylene and/or an

a-olefin having 4 to 20 carbon atoms. An a-olefin having 4 to 20 carbon atoms includes ethylene, 1-butene, 1-pentene,
4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 1-eic-
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ocene and the like, and, in the invention, these may be employed alone orin combination with each other. A propylenic
polymer of the invention is preferably a propylene homopolymer.

{0023) Among propylenic polymers according to the invention, a propylene homopolymer should have an isotactic
pentad fraction (mmmm) within the range from 30 to 80 %, preferably 40 to 70 %, more preferably 50 to 70 %. An iso-
tactic pentad fraction less than 30 % may cause an-excessively reduced crystallinity which may lead to a poor moldab-
lity, while that exceeding 80 % may cause a loss of pliability, resulting in a problematic elevation of the heat seal
temperature. A racemi-pentad fraction (rrrr) is a racemic moiety, represented in pentad as a unit, in a polypropylene
molecule chain. A value [rrri/(1-mmmm)) can be obtained from a fraction in pentad described above, and serves as an
index for the narrowness in the regularity distribution of a propyiene homopolymer. An increase in this value is associ-
ated with a broader regularity distribution, and represents a mixture of a highly regular PP and APP such as a conven-
tional polypropylene produced using an existing catalyst system, and thus-is associated with an increased stickiness
and a reduced transparency. A value [rrrr/(1-mmmm)] of a. propylene homopolymer of the invention which exceeds 0.1

causes a stickiness wherein the racemi-pentad fraction (rrrr) and the meso-pentad fraction (mmmm) are not in percent-
age terms.

(2) Determination of pentad fraction and abnormal insertion

[0024] A meso-pentad fraction(mmmm) and a racemi-pentad fraction (rrer) referred herein were obtained in accord-
ance with the method proposed by A.Zambelli et ai in Macromolecules, 6, 925 (1973) by determining the methyl signal
ina 13C NMR spectrum and calculating an isotactic fraction and an atactic fraction,’in a polypropylene molecule cham
as represented in pentad as a unit, as shown below. .

(Calculation)
[0025] -
M=m/S x 100
R=§/s x 100
S=PBB+PafB+Pay

S:Signal intensity of side chain methyl carbon atom in all propylene units
PBB:19.8 to 22.5 ppm

Paf:18.0to 17.5 ppm

Pay.17.5t0 17.1 ppm

¥: Racemi-pentad chain: 20.7 to 20.3 ppm

m: Meso-pentad chain: 21.7 to 22.5 ppm

[0026] With regard to (m-2, 1), (r-2, 1) and (1,3), the peaks in a 13C-NMR spectrum were assigned in accordance
with the report by Grassi et al (Macromolecules, 21, p.617 (1988)) and the report by Busico et al (Macromolecules, 27,
p.7538 (1994)) and the percentage of the content inserted in each position was calculated based on the integrated
intensity of each peak. A value {(m-2, 1) was obtained by calculating the ratio of the integrated intensity of a peak
assigned to Pa, y threo observed near 17.2 ppm to the integrated intensity in all methyl carbon region as a percentage
of the content inserted in meso-2,1. A value (r-2, 1) was obtained by calculating the ratio of the integrated intensity of a
peak assigned to Pao,y threo observed near 15.0 ppm to the integrated intensity in all methyl carbon region as a per-
centage of the content inserted in rasemi-2,1. A value (1, 3) was obtained by calculating the ratio of the integrated inten-
sity of a peak assigned to TB,y + observed near 31.0 ppm to the integrated intensity in all methine carbon region as a
percentage of the content inserted in 1,3 position. When a peak to be assigned to a meso-2, 1 insertion, a racemi-2, 1
insertion or a 1, 3 insertion could not be distinguished because of, for example, being overlapped with noises, then each
heterogeneous binding content (m-2, 1), {r-2, 1) or (1, 3) was regarded as a zero value.

[0027] A 13C NMR spectrum was obtained using the following instruments under the conditions specified below.

Instrument: Nippon Densi Model JNM-EX400 13C_NMR device

Method: Proton complete decoupling method

Concentration: 220 mg/milliliter

Solvent: A 80:10 solvent mixture (by volume) of 1,2,4-Trichlorobenzene and benzene-d6
Temperature: 130 °C
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'Pulse gap: 45°

Pulse interval: 4 seconds
Number of cycles: 10000 times

[0028] A comonomer unit content {mol %) in a propylenic polymer produced by copolymerizing propylene and eth--

. ylene and/or an a-olefin having 4 to 20 carbon atoms among the propyienic polymers according to the invention was

obtained as described betow. Thus, a 12C NMR spectrum was obtained using Nippon Densi Model JNM-EX400 3C-
NMR device under the conditions specified below and the calculation was made as described below.

Sample concentration: 220 mg/3 mi NMR solvent
_NMR Solvent: 1,2,4-Trichlorobenzene/benzene-d6 (90/10 vol%)
Determination temperature: 130 °C
" Pulse gap: 45°
Pulse interval: 10 seconds . -
Number of cycles: 4000 times
1

(a) Ethylene unit

[0029] A random copolymer of propylene and ethylene, when subjected to 13C-NMR, exhibited the spectrum whose
signals had the chemical shifts and the assignments indicated in the table shown below.

Assignments of signals in 13C.NMR spectrum of ethylene-propylene copolymer

[0030]

Number | Chemical shift Assignment Number | Chemicat shift | Assignment
1 45,1 -47.3 PPP Saa - 14 314 EPP TBy
42.3 PPP Saa 15 31.0 PPE TBd
3 38.6 PPP Tay 16 30.7 PPP Saf
4 38. Seey 17 30.5 PEEE Sy8
5 37.5 Sad 18 30.0 EEE Sqgg
6 36.0 | PPP Sap 19 29.0 EEE TBB
7 36.0 PPP Taf 20 27.3 ) PEE sBd
8 34.9 EPP PEP Saf 21" 24.6 ) PEP saf
9 34.6 EPP PEP Saf 22 21.3-22.7 PBB
10 34.1 EPP Tyy 23 20.6-21.3 PBB
11 33.7 EEPP T8 24 19.8 -20.6 PBp
12 333 EPE T56 25 17.6 PaB
13 31.6 PPP TBy 26 17.2 Pay
NOTE) E represents an ethylene unit.
NOTE) A chemical shift is represented in ppm.

[0031] The ethylene unit content in the copotymer (a(% by mole)) was obtained in accordance with the following
equation (1) based on the spectrum determined by the '3C-NMR.

a=E/S x 100 M

wherein S and E are each represented as follows:
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S=IEPE + IPPE + [EEE + IPPP + IPEE + \PEP
E=IEEE + 2/3(IPEE + |IEPE) + 1/3(IPPE +'IPEP) ,
wherein:
. . IEPE=I(12)
PPE=I(18)+ (1 1)+ 114111 1)Y241(10)
IEEP=I(18)241(17)/4 |
IPPP—I(19)+(l(6)+l(7))/2+l(3)+l(13)+|(11)+(I(14) 11)y2
IPEE=1(20)
IPEP:(I(8)+I(9)-2xI(11))/4+l(21)'. -

[0032] A isotactic triad fraction of a PPP chain was obtained as a stereoregulanty index (P (% by mole)) according
to the equatlon (2) shown below.

P =Im/l x 100 S 2
wherein Im and | are each represented as follows: \
Im=1(22)
I=I(-22)+I(23)+I(24)—{(|(8)+I(9))/2+I(1 0}+3/2x1(11)+I(12)+I(13)+1(15)}.

In the equation shown above, I(1), I(2) and the like represent the intensities.of signal [1], signal [2] and the like, respec-
tively. . ’

[0033] Also a 13C NMR spectrum was obtained using Nippon Densi Model JNM-EX400 NMR device under the con-
ditions specified below and the calculation was made as described below.’

Sample concentration: 220 mg/3 mi NMR solvent

NMR Solvent: 1,2,4-Trichlorobenzene/benzene-d6 (90/10 vol%)
Determination temperature: 130 °C

Pulse gap: 45*

Pulse interval: 10 seconds

Number of cycles: 4000 times

(a) 1-Butene unit

[c034] The 1-butene unit content in the copolymer {a(% by mole)) was obtained in accordance with the followmg
equation based on the spectrum determined by the BC-NMR.

{122 + 1(4))

= lOWerEREe2 1@ * '°°

{0035] Also in accordance with-the following equation, a stereoregularity index (P (% by mole)) of the copolymer
was obtained. '

_ (1{12))
P = Gazmiaamiaay * 100

wherein (1), (2) and the like represent the signals of a spectrum of a copolymer of propylene and 1-butene determined
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by 'SC-NMR. 1), l(é) and the like represent the respective signal intensities. The signals of a spectrum of a copolymer

of propylene and 1-butene determined by 18C.NMR are indicated in the table shown below.

[0036] Instead of the signal intensity of a PPP chain Saf carbon, the signal intensity of a PPP chain Saf carbon .
(signal intensity of (9)) was indicated as an alternative. :

Number | Chemical shift | Assignment
1 45.7-47.4 PP Saa |
2 43.0-44.9 PB Sax
3 423 .| PPP Saa
. 4 40.3 BB Sax .
a 5 36.6 PPP Tay
6 36.0 PPP Sap and PPP Sof
' 7 35.5 B unit TBP .
' 8 31.6 PPP TBY
9 306 PPP Saf
10 28.6-29.8 P unit TBB '
1 . 27.8-28.4 B unit side chain methylene carbon
12 21.2-22.7 PRB PPP(mm), PPB(mm), BPB(mm)
13 20.6-21.2 PBB PPP(mr), PPB(mr), BPB(mr), PPB(rr), BPB(rr)
14 19.8-20.6 PBB PPP()
15 17.6 Paf
16 17.2 Peey
17 1. B unit side chain methyl carbon
INoTE)
B denotes a 1-butene unit.

[0037] A propylenic polymer produced by copolymerizing propylene and ethylene and/or an a-olefin having 4 to 20
carbon atoms among propylenic polymers according to the invention should have a stereoregularity index (P) within the
range from 55 to 90 % by mole, preferably 65 to 80 % by mole. A stereoregularity index (P) less than 55 % may cause
an excessively reduced crystallinity which may lead to a poor moldablity, while that exceeding 90 % may cause a loss
of pliability, resulting in a problematic elevation of the heat seal temperature.

[o038] A propylenic polymer according to the invention has a molecular weight distribution, defined as a ratio ofa -
weight mean molecular weight Mw to a number mean molecular weight Mn, i.e., Mw/Mn, of 3.5 or less, preferably 3.0
to 2.0. A molecular weight distribution exceeding 3.5 is too broad to achieve a sufficiently satisfactory physical proper-
ties. ’

[0039] An Mw/Mn defined above us a value calculated from the weight mean molecular weight Mw and the number
mean molecular weight Mn, as having being converted to the values of polyethylene, by the determination by a gel per-
meation chromatography (GPC) method using the following instruments under the conditions specified below.

GPC instruments
{0040}

Column: TOSO GMHHR-H(S) HT
Detector: Rl detector for fiquid chromatography, WATERS 150
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GPC conditions
[0041] : - o

Solvent: 1,2,4-Trichlorobenzene

Determination temperature: 145 °C

Flow rate: 1.0 milliliter/minute )

Sample concentration: 2.2 mg/milliliter . .

Injection votume: 160 microliter

Calibration curve: Universal Calibration

Anain|s program: HT-GPC (Ver1 .0)
[0042] A propylemc polymer according to the invention shoutd have an mtnnsxc viscosity [1n], determinéd in a dec-
alin solvent at 135 °C, 01.0.8 to 5 dl/g, preferably 1 to 3 dVg, more preferably 1 .5'to 2.5 dl/g. An intrinsic viscosity [n] less
than 0.8 d/g may cause a stickiness, while that exceeding 5 dli/g may cause a reduced flowability which may lead to a
poor moldability. ' :
[0043] In a propylenic polymer composition according to the invention, a propylenic polymer preferably has a crys-
tallization temperature (Tc(°C)) and a melting point (Tm (°C)) of the polymer, as determined by a differential scanning
calorimeter, which are in the relatlon\shlp represented by the following forfnula:

Tc20.75Tm-15.

[0044] A value of Tc less than 0.75Tm-15 may cause a higher tendency of a poor molding pen‘omiance, due to
which an inventive objective may not successfully be achieved. For the purpose of a less tendency of such poor molding
performance, a relationship represented by the following formula:

" Tc20.75Tm-10
is more preferred, and a relationship represented by the following formula:
Tc20.75Tm-5

Is particularly preferred. The values of Tm and Tc were determined in atcordance with the method described in the
examples. .

[0045] While during an ordinary propylene polymerization process a 1,2 insertion polymerization, which means that
a carbon atom of a propylene monomer on the side of a methylene undergoes a binding with an active center of a cat-
alyst followed by a successive coordination of the propylene monomers in the same manner whereby effecting the
polymerization, takes place generally, a 2,1 insertion or a 1,3 insertion may also take place at a less incidence (some-
times referred to as abnormal insertion). In a homopolymer according to the invention, it is preferable that the incidence

of such 2,1 or 1,3 insertion is low. It is also preferable that these insertion rates satlsfy the reiationship represented by
the following forrula (1):

[(m-2,1)+(r-2,1)+(1,3)}]<5.0 1
wherein (m-2,1) is a % meso-2,1 insertion content determined by 13C-NMR, (r-2,1) is a % racemi-2,1 insertion content
determined by '3C-NMR, and (1,3) is a % 1,3 insertion content determined by '3C-NMR, and, more preferably, they sat-
isfy the relationship represented by the following formula (2):

[(m-2,1)+(r-2,1)+(1,3)]<1.0 ).
It is particularly preferred that they satisfy the relationship represented by the following formula (3):

[(m-2,1#(r-2,1)+(1,3)]<0.1 3).
When the relationship represented by Formula (1) is not satisfied, the crystallinity is reduced far more than expected,
and a stickiness may arise. (m-2, 1), (r-2, 1) and (1,3) are the respective % insertion contents obtained from the inte-

grated intensities of the respective peaks after assigning the peaks in a 13C-NMR spectrum in accordance with the
report by Grassi et al (Macromolecules, 21, p.617 (1988)) and the report by Busico et al (Macromolecules, 27, p.7538
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' (199}4)). Thus, a value (m-2, 1) was a % meso-2,1 insertion content calculated from the ratio of the integrated intensity

of a peak assigned to Pa,ythreo observed near 17.2 ppm to the integrated intensity in all methyl carbon region. A value
(r-2, 1) was a % rasemi-2,1 insertion content calculated from the ratio of the integrated intensity of a peak assigned to
Pa,y threo observed near 15.0 ppm to the integrated intensity in all methyl carbon region. A value (1, 3) wasa % 1,3
insertion content calculated from the ratio of the integrated intensity of a peak assigned to TB,y + observed near 31 0.

. ppm to the integrated intensity in all methine carbon region.

[0046] A propylene homopolymer of the invention preferably exhibits substantially no peaks in a 13C-NMR ! spec-
trum which are assigned to a molecular chain terminal (n-buty! group) as a result of a 2,1 insertion. With regard to this
molecular chain terminal as a result of a 2,1 insertion, each % insertion content is calculated from the integrated inten-
sity of each peak after assignment of the peak in the 13C-NMR spectrum in accordance with the report by Jungling et .
al {J.Polym.Sci.:Part A: Polym.Chem., 33, p1305(1995)). In an isotactic polypropylene, a peak appearing near 18.9 ppm
is assigned to a terminal methyl group carbon of an n-butyl group. The determination of a 13C-NMR for an abnormal
insertion or a molecular terminal may be performed using the instruments under the conditions described above.

[0047) In addition to the characteristics discussed -above, the amount of a boiling diethylether extract, which js an

index for a stickiness-causing component level, of a propylenic polymer according to the invention is preferably 0 to 10
% by weight, more preferably 0 to 5 % by weight, for the purpose of preventing the bleeding out of a stickiness-causing
component on the surface of a molded article.

[0048] The amount of the components which are dissolved out at 25 °C or lower in a temperature-raising fraction-.
ation (TREF), which is another index for a stickiness-causing component level is preferably 20 to 100 % by weight
because of the same reason, more preferably 0to 10 % by weight, and particularly O to 5 % by weight. The TREF deter-
mination was performed by the method described in the examples.

[o049] A propylenic polymer produced by copolymerizing propylene and ethylene and/or an a-olefin having 4 to 20
carbon atoms among propylenic polymers according to the invention is preferably a random copolymer. The structural
unit derived from propylene exists preferably at a level of 90 % by mole or higher, more preferably 85 % by mole or
higher.

[0050] A propylenic polymer of the invention can be produced by homopolymerizing propylene or copolymerizing
propylene and ethylene and/or an a-olefin having 4 to 20 carbon atoms in the presence of a polymerization catalyst
comprising (A) a transition metal compound represented by Formula (I):

MX_ Y. (D

Al/A27El\
& 2

and (B) a compound capable of forming an ionic complex by reacting with a transition metal compound as a component
(A) or a derivative thereof.

[o051] In Formula (I) shown above, M denotes a metal element of Group 3 to Group 10 or of lanthanoids in the peri-
odic table, such as titanium, zirconium, hafnium, yttrium, vanadium, chromium, manganese, nickel, cobalt, palladium .
and lanthanoid metals, with titanium, zirconium and hafnium being preferred in view of their olefin polymerization activ-
ities. Each of E1 and E2 denotes a ligand selected from the group consisting of a substituted cyclopentadienyl group,
indenyl group, a substituted indenyl group, heterocyclopentadienyl group, a substituted heterocyclopentadieny| group,
amide group (-N<), phosphine group (-P<), a hydrocarbon group (>CR-, >C<) and a silicon-containing group (>SiR-,

>Si<) (wherein R denotes hydrogen or a hydrocarbon group or a heteroatom-containing group having 1 to 20 carbon
atom), and is crosslinked with each other via A! and A2. E' and E2 may be same to or different from each other. Pre-
ferred examples of E' and E? are a substituted cyclopentadienyl group, indenyl group and a substituted indenyl group.

[0052] X denotes a o-binding ligand, and, when two or more Xs are present they may be same or different, and
each may be crosslinked with other X, E', E? or Y. Examples of X include a halogen atom, a hydrocarbon atom having
1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, an arylalkoxy group having 6 to 20 carbon atoms,
an amide group having 1 to 20 carbon atoms, a silicon-containing group having 1 to 20 carbon atoms, a phosphide
group having 1 to 20 carbon atoms, a sulfide group having 1 to 20 carbon atoms, an acyl group having 1 to 20 carbon
atoms, and the like. A halogen atom may for example be a chlorine, fluorine, bromine or icdine atom. Examples of a
hydrocarbon group having 1 to 20 carbon atoms are an alkyl group such as methyl, ethyl, propyl, butyl, hexyl,

cyclohexyl, octyl groups and the like, an alkenyl group such as vinyl, propenyl, cyclohexenyt groups and the like; an ary--
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lalkyt group such as benzyl, phenylethyl, phenylpropy! groups and the like; and an aryl group such as phenyl, tolyl,
dimethylphenyl, trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, naphthyl', methylnaphthyl, anthracenyl, phenanth-
nyl groups and the like. Among those listed above, an alkyl group such as methyl, ethyl, propy! groups and the like and
an aryl group such as phenyl group are preferred. Examples of an alkoxy.group having 1 to 20 carbon atoms are an
alkoxyl group such as methoxy, ethoxy, propoxy, butoxy groups and the like; and an.aryloxy group such as phenoxy,
methylphenoxy, dimethyiphenoxy, naphthoxy groups and the like. Examples of an arylaikoxy group having 6 to 20 car-
bon atoms are phenylmethoxy, phenylethoxy groups and the like. Examples of an amide group having 1 to 20 carbon
atoms are an alkylamide group such as dimethylamide, diethylamide, dipropylamide, dibutylamide, dicyclohexylamide,
methylethylamide groups and the like, an alkenylamide group'such as divinylamide, dipropenylamide, dicyclohexenyla-

- mide groups and the like; an arylalkylamide group such as dibenzylamide, phenylethylamide, phenylpropylamide

groups and the like; and arylamide group such as diphenylamide, dinaphthylamide groups and the like. Examples of a
silicon-containing group having 1 to 20 carbon atoms are a monohydrocarbon-substituted silyl group such as methyls-
ilyl, phenylsilyl groups and the like; a dihydrocarbon-substituted silyl group such as dimethyisilyl, diphenylsilyl groups
and the like; a trihydrocarbori-subsmuted silyl group such as trimethylsilyl, triethylsityl, tripropylsity!, tricyclohexylsilyl,
triphenylsily}, dimethylphenylsilyl, methylphenyldisilyl, tritolylsityl, trinaphthiylsilyl groups and the like; a silyl ether group
of a hydrocarbon-substituted silyl group such as trimethy!silylether group; a silicon-substituted alkyl group. such as tri-
methylsilyimethyl group; and a silicon-substituted aryl group such as trimethylsilyipheny! group and the like. Among
those listed above, trimethylsilyl, phenethyldimethyisilyl groups are preferred. Examples of a sulfide group having 1 to
20 carbon atoms are an alkylsutfide group such as methylsulfide, ethylsulfide, propylsulfide, butyisuffide, hexylsulfide,
cyclohexylsulfide, octylsulfide groups and the like and an alkenylsulfide group such as vinylsulfide, propeny! sulfide, -
cyclohexenylsulfide groups and the like; an arylalkylsulfide group such as benzylsulfide, phenylethylsulfide, phenylpro-
pylsuffide groups and the like; and an arylsulfide group such as phenyisuffide, tolylsulfide, dimethylsulfide, trimethylphe-
nyisulfide,” ethylphenylsulfide, propylphenylsulfide, . biphenyisulfide, naphthylsulfide, methylnaphthylsulfide,
anthracenylsulfide, phenanthnylsulfide groups and the like. Examples of a sulfoxide group having 1 to 20'carbon atoms *
are an alkylsulfoxide group such as methylisulfoxide, methylisulfoxide, propyl_sulfoxide, butylsutfoxide, hexylsutfoxide,
cyclohexylsulfoxide, octylsulfoxide groups and the like and an alkenylsulfoxide group such as vinylsulfoxide, propenyl-
sulfoxide, cyclohexenylsulfoxide groups and the like; an arylalkylsulfoxide group such as benzyl sulfoxide, phenylethyi-
sulfoxide, phenylpropylsulfoxide groups and the like; and an arylsulfoxide such as phenylsulfoxide, tolylsulfoxide,
dimethylphenylsulfoxide, trimethylphenylsulfoxide, ethylphenylsulfoxide, propylphenylsulfoxide, biphenylisulfoxide,
naphthylsutfoxide, methyinaphthylsulfoxide, anthracenylsulfoxide, phenanthnylsutfoxide groups and the like. Examples
of an acyl group having 1 to 20 carbon atomns are an alkylacyl group such as formyl, acethyl, propionyl, butyryl, valeryl,
palmitoyl, thearoyl, oleoyl groups and the like; an arylacyl group such as benzoyl, toluoyl, salicyloyl, cinnamoyl, naph-
thoyl, phthaloyl groups and the like; ‘oxalyl, malonyl and succiny! groups derived from dicarboxylic acids such as oxalic
acid, malonic acid and succinic.acid, respectively, and the like. Y denotes a Lewis base, and, when two or more Ys are
present they may be same or different, and each may be crosslinked with other Y, E', E? or X. Examples of the Lewis
base represented by said Y are amines, ethers, phosphines, thioethers and the like. The amines may for example be
an amine having 1 to 20 carbon atoms, and typically an alkylamine such as methylamine, ethylamine, propylamine,
butylamine, cyclohexylamine, methylethylamine, dimethylamine, diethylamine, dipropylamine, dibutylamine, dicy-
clohexylamine, methylethylamine and the like and an alkenylamine such as vinylamine, propenylamine, cyclohexe-
nylamine, divinylamine, dipropenylaine, dicyclohexenylamine and the like; an arylalkylamine such as phenylamine,
phenylethylamine, phenylpropylamine and the like; and arylamine such as diphenylamine, dinaphthylamine and the
like. Ethers may for example be an aliphatic monoether compound such as methylether, ethylether, propylether, isopro- .
pylether, butylether, isobutylether, n-amylether, isoamylether and the like; an aliphatic mixed ether compound such as
methylethylether, methylpropylether, methylisopropylether, methyl-n-amylether, methylisoamylether, ethylpropylether,
ethylisopropylether, ethylbutylether, ethyliobutylether, ethyl-n-amylether, ethylisoamylether and the like; an aliphatic
unsaturated ether compound such as vinylether, allylether, methylvinylether, methylallylether, ethylvinylether, ethylal-
lylether and the like; an aromatic ether compound such as anisol, phenethol, phenylether, benzylether, phenylben-
zylether, a-naphthylether, B-naphthylether and the like, as well as a cyclic ether compound such as ethylene oxide,
propylene oxide, trimethylene oxide, tetrahydrofuran, tetrahydropyrane, dioxane and the like. An example of the phos-
pines may be a phosphine having 1 to 20 carbon atoms. Those included typically are an alkylphosphine including a
monohydrocarbon-substituted phosphine such as methylphosphine, ethylphosphine, propylphosphine, butylphosphine,
hexyiphosphine, cyclohexylphosphine, octylphosphine and the like; a dihydrocarbon-substituted phosphine such as
dimethylphosphine, diethylphdsphine, dipropylphosphine, dibutylphosphine, dihexylphosphine, dicyciohexylphosphine,
dioctylphosphine and the like; a trinydrocarbon-substituted phosphine such as dimethylphosphine, triethylphosphine,
tripropylphosphine, tributylphosphine, trihexylphosphine, tricyclohexylphosphine, trioctytphosphine and the like and a
monoalkenylphosphine such as vinylphosphine, propenylphosphine, cyclohexenylphosphine and the like as well as a
dialkenyt phosphine whose hydrogen atoms on the phosphorus were replaced with two alkenyl groups; a trialkenyl
phosphine whose hydrogen atoms on the phosphorus were replaced with three alkenyl groups; an arylalkylphosphine
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" such as benzylphosphine, phenylethylphosphine, phenylpropylphosphine and the like; a diarylalkyl phosphine or an

aryldialkylphosphine whose hydrogen atoms on the phosphorus were replaced with three aryl or aikenyl groups; phe-
nylphosphme tolylphosphine, dimethylphenylphosphine, trimethylphenyiphosphine, ethylphenylphosphine, propyiphe-
nylphosphine, biphenylphosphine, naphthylphosphine, methylnaphthylphosphine, anthracenylphosphine,
phenanthracenyl phosphine; a di(alkylaryl)phosphine whose hydrogen atoms on the phosphorus were replaced with 2

. aklkylary! groups; a tri(alkylaryl)phosphine whose hydrogen atoms on the phosphorus were replaced with 3 aklkylary!

groups, and the like. An example of the thioethers may be a sulfide mentioned above.

[0053) Each of A? and A? denotes a divalent crosslinking group having two ligands, including a hydrocarbon group
having 1 to 20 carbon atoms, a halogen-containing hydrocarbon group having 1 to 20 carbon atoms, a silicon-contain-
ing group, a germanium-containing group, a tin-containing group, -O-, -CO-, -8-, -80,-, -Se-, -NR-, -PR-, -P(O)R-, -BR- .
or -AlR-wherein R is a hydrogen atom, a halogen atom, a hydrocarbon group having 1 to 20 carbon atoms and a halo-
gen-containing hydrocarbon group having 1 to 20 carbon atoms, and each may be same to or different from each other.
Amiong such crosslinking groups, at least one is a crosslinking group consisting of a hydrocarbon group having one or

'
\

| i B A |
‘ | \ RllV'\RZ Ié | '

wherein B denotes an element of Group XIV in the periodic table such as carbon, silicon, germanium and tin; and each
of R1 and R2 denotes a hydrogen atom or a hydrocarbon group having 1 to 20 carbon atoms, and may be same to or
different from each other, or alternatively may bind to each other to form a cyclic structure; and e denotes an integer of
1to 4,

and may typically be methylene, ethylene, ethylidene, propylidene, isopropylidene, cyclohexylidene, 1,2-cyclohexylene,
vinylidene (CH2=C=), dimethylsilylene, diphenylsilylene, methylphenylsilylene, dimethylgermylene, dimethyistan-
nylene, tetramethyldisilylene, diphenyldisilylene groups and the like. Among those listed above, ethylene, isopropyli-
dene and dimethylsilylene groups are preferred. q is an integer of 1 to 5 and represents {(valency of M)-2] and ris an
integer of 0 to 3.

[0054] In a transient metal compound represented by Formula (I), when £ and E? are substituted cyclopentadienyt
group, indenyl group or substituted indenyl group, then the crosslinking groups of A" and A? are preferably in the forms
of a (1, 2Y) (2, 1') double crosslinking.

[0055] Among the transient metal compounds represented by Formuta (I), one employed preferably is a transient

metal compound having, as a ligand, a biscyclopentadienyl derivative in a double crosslinking form such as those rep-
resented by Formula (li):

3
R
B
R LY
A1 4 R
(II)
2 6
R’ A R
4 1 1
R Mx* Yh,
[0056]  In Formula (i) shown above, M, A', A2, q and r are defined as described above. X' denotes a ¢-binding fig--
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. and, and' when two or more X1s are present they may be same or dlfferéﬁt and each may be crosslinked with other X!

orY'. Such X' may for example be one exemplified in the description of X in Formula (I). Y1 denotes a Lewis base, and,
when two or more Y's are present they may be same or different, and each may be crosslinked with other ¥! or X,

Such Y! may for example be one exemplified in the description of Y in Formula (1). Each of R® to R® denotes a hydrogen
atom, a halogen atom, a hydrocarbon having 1 to 20 carbon atoms, a halagen-containing hydrocarbon group having 1
to 20 carbon atoms, a silicon-containing group or a heteroatom-containing group, provided that at least one of them is
not a hydrogen atom. Each of R3 to R® may be same to or dlfferent from each other, and any adjacent two of them may
be taken together to form a rmg

{0057] This transient metal compound having as a Ilgand a blscyclopentadlenyl derivative in a double crosslinking
form has the ligand in the forms of a (1, 2') (2, 1') double crosslinking.

[0058] Examples of a transient metal compound represented by Formula () are (1,2-ethylene)(2,1-ethylene)-
bis(indenyl)zirconium dichloride, (1,2-methylene)(2,1'-methylene)-bis(indenyi)zirconium dichloride, (1,2-isopropyli-
dene)(2, 1*-isopropylidene)-bis(indenyl)zirconium dichloride, (1,2'- ethylene)(z 1'-ethylene)-bis(3-methylindenyl)zirco-
nium dichloride, (1 ,2'-ethy|ene)(2,1'-ethylene)—bis(4,5-benzoindenyl)z|rcon|um dichloride, (1,2'-ethylene)(2,1’-ethylene)-
bis{4-isopropylindenyl)zirconium dichloride, (1,2'-ethylene)(2,1 '-ethyIene)-bis(5,6-dimethylindenyl)zirconium dichloride,
(1,2'-ethylene)(2,1'-ethylene)-bis(4,7-diisopropylindenyl)zirconium dichloride, (1,2'-ethylene)(2,1 "_ethylene)-bis(4-phe-
nylindenyl)zirconium dichloride, (1,2'-ethylene)(2,1'-ethylene)-bis(3-methyl-4-isopropylindenyl)zirconium dichloride,
(1,2"-ethylene)(2,1'-ethylene)-bis(5,6-benzoindenyi)zirconium dichloride, (1,2'-ethylene)(2,1"-isopropylidene)-bis(inde-
nyl)zirconium dichloride, (1,2'-methylene)(2,1'-ethylene)-bis(indenyl)zirconium dichloride, (1,2'-methylene)(2,1'-isopro-
pylidene)-bis{indenyl)zirconium dichloride, (1,2'-dimethylsilylene)(2,1'-dimethylsilylene)bis(indenyl)zirconium
dichloride, (1,2-dimethylsilylene)(2,1'-dimethyisilylene)bis(3-methylindenyl)zirconium dichloride, (1,2'-dimethylsi-
|y|ene)(2;1'-dimethylsilylene)bis(s-n-butylindenyl)zirconium dichloride, (1.2'-dimethylsilylene)(2,1'-dimethylsi-
lylene)bis(3-I-propylindenyl)zirconium dichloride, (1,2'-dimethylsilylene)(2, 1*-dimethylsilylene)bis(3-trimethylsilyl-
methylindenyl)zirconium dichloride, (1,2'-dimethylsilylene)(2,1'-dimethylsilylene)bis(3-phenylindenyl)zirconium dichlo-
ride, (1,2-dimethyisilylene)(2,1'-dimethylsilylene)bis(4,5-benzoindenyl)zirconium dichloride, (1,2'-dimethylsi-
lylene)(2,1'-dimethyisilylene)bis{4-isopropylindeny!)zirconium dichloride, (1,2'-dimethylsilylene)(2,1'-dimethyl-
silyiene)bis(5,6-dimethylindenyl)zirconium dichloride, (1,2"-dimethylsilylene)(2,1'-dimethylsilylene)bis(4,7-di-i-propylin-
denyl)zirconium dichloride, (1,2'-dimethylsilylene)(2,1'-dimethylsilylene)bis(4-phenylindenyl)zirconium dichloride, (1,2'-
dimethylsilylene)(2, 1'-dimethyisilylene)bis(3-methyl-4-i- propylindenylzirconium dichloride, (1,2'-dimethylsilylene}(2,1'-
dimethyisilylene)bis(5,6-benzoindenyl)zirconium dichloride, (1,2'-dimethylisitylene)(2,1'-isopropylidene)-bis(indenyl)zir-
conium dichloride, {(1,2'-dimethylsilylene)(2,1'-isopropylidene)-bis(3-methylindenyl)zirconium dichloride, (1,2'-dimethyl-
silylene)(2, 1*-isopropylidene)-bis(3-i-propylindenyl)zirconium dichloride, (1,2-dimethylsilylene)(2;1'-isopropylidene)-
bis(3-n-butylindenyl)zirconium dichloride, (1,2'-dimethylsilylene){2,1'-isopropylidene)-bis(3-trimethylsityimethylinde-
nyl)zirconium dichloride, (1,2-dimethylsilylene)(2,1"-isopropylidene)-bis(3-trimetylsilylindenyl)zirconium dichloride,
(1,2-dimethylsilylene)(2, 1'-isopropylidene)-bis(3-phenylindenyi)zirconium dichloride, (1,2'-dimethylsilylene)(2,1"-meth-
ylene)-bis(indenyl)zirconium dichloride, (1,2'-dimethylisilylene)(2,1'-methylene)-bis(3-methylindenyl)zirconium dichlo-
ride, (1,2'-dimethylsilylene)(2,1'-methylene)-bis(3-i-propylindenyl)zirconium dichloride, (1,2'-dimethylsilylene)(2,1'-
methylene)-bis(3-n-butylindenyl)zirconium dichloride, (1,2'-dimethylsilylene)(2,1'-methylene)-bis(3- trimethylsilyimeth-
ylindenyt)zirconium dichloride, (1,2'-dimethyisilylene)(2,1'-methylene)-bis(3-trimethylsilylindenyl)zirconium dichloride,
(1,2"-diphenylsilylene)(2, 1'-methylene)-bis(indenyl)zirconium dichloride, (1,2'-diphenylsilylene)(2,1'-methylene)-bis(3-
methylindenyl)zirconium dichloride, (1,2'-diphenylsilylene)(2,1'-methylene)-bis(3-i-propylindenyl)zirconium dichloride,
(1,2'-diphenylsilylene)(2,1'-methylene)-bis(3-n-butylindenyl)zirconium dichloride, (1,2'-diphenylsilylene)(2,1'-methyl-
ene)-bis(3-trimethylsilylmethylindenyl)zirconium dichloride, (1,2'-diphenylsilylene)(2,1'-methylene)-bis{3-trimethyisityl-
indenyl)zirconium dichloride, (1,2"-dimethylsilylene)(2,1'-dimethylsilylene)(3-methylcyclopentadienyl)(3'-
methylcyclopentadienyl)  zirconium  dichloride, - (1,2'-dimethylsilylene)(2,1'-isopropylidene)(3-methylcyclopentadi-
enyl)(3'-methyicyclopentadienyl) zirconium dichloride, (1,2-dimethylsilylene)(2,1'-ethylene)(3-methylcyclopentadi-
enyl)(3'-methylcyclopentadienyl) zirconium dichloride, (1.2'-ethylene)(2,1'-methylene)(3-methylcyclopentadienyl)(3'-
methylcyclopentadienyl) zirconium dichloride, (1,2'-ethylene}(2,1'-isopropylidene)(3-methylcyciopentadienyl)(3'- meth-
ylcyclopentadienyl) zirconium dichloride, "(1,2-methylene)(2,1'-methylene)(3-methylcyclopentadienyi)(3'-methylicy-
clopentadienyl) zirconium dichloride, (1,2"-methylene)(2,1'-isopropylidene)(3-methylcyclopentadienyl)(3'-
methylcyclopentadienyl) zirconium dichloride, (1,2-isopropylidene)(2,1*-isopropylidene)(3-methylcyclopentadienyl)(3'-
methylcyclopentadienyl) zirconium dichloride, (1,2'-dimethylsilylene)(2,1-dimethyisilylene)(3,4-dimethyicyclopentadi-
enyl)(3',4'-dimethylcyclopentadienyl)zirconium dichloride, (1,2'-dimethyisilylene)(2,1'-isopropylidene)(3,4-dimethylcy-
clopentadienyl)(3',4'-dimethylcyclopentadienyl)zirconium dichloride, (1.2-dimethylsilylene)(2, 1'-ethylene)(3,4-
dimethylcyclopentadieny!)(3',4'-dimethylcyclopentadienyl)zirconium  dichloride, (1,2-ethylene)(2,1'-methylene)(3,4-
dimethylcyclopentadienyl)(3',4'-dimethyicyclopentadienyl)zirconium dichloride, (1,2"-ethylene)(2,1'-isopropylidene)(3,4-
dimethylcyclopentadienyl)(3',4™-dimethyicyclopentadienyl)zirconium dichloride, (1,2-methylene)(2,1'-methylene)(3,4-
dimethylcyclopentadienyl)(3',4-dimethylcyclopentadienyl)zirconium dichloride, {1,2'-methylene)(2,1'-isopropyli-
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’ den'é)(3,4-dimethylc'yclopentadienyl)(3',4'-dimethylcyclopenta‘dienyl)zinconium ‘ dichloride, (1,2-isopropylidene)(2,1'-

isopropylidene)(3,4-dimethylcyclopentadienyl)(3',4'-dimethylcyclopentadienyl)zirconium  dichloride, (1,2"-dimethylsi-
Iy]ene)(2,1'-dimethylsilylene)(3-methyl-5-ethylcyclopentadieny|)(3'-methyl-S'-ethyIcyclopentadienyl)zirconium dichlo-
ride, (1,2-dimethylsilylene)(2, 1'-dimethylsilytene)(3-methyl-5-ethylcyclopentadieny!)(3'-methyl-5"-ethylcyclopenta-
dienyl)zirconium dichloride, (1,2'-dimethylsilylene)(2,1'-dimethyisilylene)(3-methyl-5-isopropylcyclopentadienyl)(3'--

. methyl-5*isopropylcyclopentadienyl)zirconium dichloride, (1,2-dimethylsilylene)(2,1'-dimethylsilylene)(3-methyl-5-n-

butylcyclopentadienyl)(3'-methyi-5'-n-butylcyclopentadienyl)zirconium dichloride, (1,2'-dimethylsilylene)(2,1 "-dimethyls-
itylene)(3-methy\-5-phenylcyclopentadienyl)(3'-methyl-5"-phenylcyclopentadienyl)zirconium dichloride, (1,2'-dimethylsi-
lylene)(2,1'-isopropylidene)(3-methyl-5-ethylcyclopentadienyl)(3'-methyl-6'-ethylcyclopentadienyl)zirconium dichloride,
(1,2-dimethylsilylene)(2,1'-isopropylidene)(3-methyl-5-i-propylcyclopentadienyl)(3'-methyl-5'-i-propylcyclopentadi- )
enyl)zirconium dichloride, (1,2'-dimethylsilylene)(2,1'-isopropylidene)(3-methyl-5-n-butylcyclopentadieny!)(3'-methyl-5'-
n-butylcyclopentadienyl)zirconium dichloride, (1,2'-dimethylsilylene){2,1'-isopropylidene)(3-methyl-8-phenylcyclopen-
tadienyl)(3'-methyl-5'-phenylicyclopentadienyl)zirconium dichloride, (1,2'-di}nethylsilylene)(2,1'-ethylene)(s-methyl-s-‘
ethylcyclopentadienyt)(3-methyl-5'-ethylcyclopentadienyl)zirconium dichloride, (1,2'-dimethylsilylene)(2, 1'-ethylene)(3-
methyl-5-i-propylcyclopentadienyl)(3'-methyl-5'-i-propylcyclopentadienyl)zirconium dichloride, (1,2-dimethyisi-
lylene)(2,1'-ethylene)(3-methyl-5-n-butyicyclopentadienyl)(3'-methyi-5'-n-butylcyclopentadienyl)zirconium  dichloride,
(1,2'-dimethylsilylene)(2,1'-ethylene)(3-methyl-5-phenylcyclopentadienyl)(3'-methyl-5'-phenylcyclopentadienyl)zirco-
njum dichloride, (1,2-dimethylsilylene)(2,1'-methylene)(3-methyl-5-ethyicyclopentadienyl)(3'-methyl-6'-ethylcyclopen-
tadienyl)zirconium dichloride, (1,2'-dimethylsilylene)(2,1'-methylene)(3-methyl-5-i- propylcyclopentadienyl)(3'-methyl-
5*-i-propylcyclopentadienyl)zirconium dichloride, (1,2-dimethylsilylene)(2, 1'-methylene)(3-methyl-5-n-butylcyclopenta-
dienyl)(3'—methyl-5'-n-butylcyclopentadienyl)iirconium dichloride, (1,2'-dimethylsilylene)(2,1'-methylene)(3-methyi-5-
phenylcyclopentadienyl)(3'-methyl-5'-phenylcyclopentadienyl)zirconium dichloride, (1,2'-ethylene)(2,1'-methylene)(3-
methy!-5-i-propylcyclopentadienyl)(3'-methyl-5'-i-propylcyclopentadienyi)zirconium dichloride, (1,2'-ethylene)(2,1"-iso-
propylidene)(3-methyl-5-i-propylcyclopentadienyl)(3'-methyl-5'-i-propylcyclopentadienyl)zirconium  dichloride, (1,2'-
methylene)}(2,1'-methylene)(3-methyl-5-i-propylcyclopentadienyl)(3'-methyl-5'-i-propylcyclopentadienyl)zirconium

. dichloride, (1,2'-methylene)(2,1'-isopropylidene)(3-methyl-5-i-propylcyclopentadienyl)(3'-methyl-5"-i-propylcyclopenta-

dienyl)zirconium dichloride and the like as well as the compounds obtained by replacing zirconium in the compounds
listed above with titanium or hafnium. It is a matter of course that the compounds listed above are non-limiting exam-
ples. Analogous compounds of other groups or of lanthanoids may also be employed.

[0059] While a component (B-1) among the components (B) may be any ionic compound capable of forming an
ionic complex by reacting with a transition metal compound as a component (A), compounds represented by Formulae

(ny, (v): :

9. K+

@ -R% @) : (m

(T A W (s Y - 0%

wherein L2 denotes M2, R1°R'TM3, R12,C or R3M3,

wherein L' denotes a Lewis base, [Z] denotes a non-coordinating anion [Z'] and {2}, wherein [2']" denotes an anion
in which two or more groups are bound to an element, i.e., [M'G'G2- - - G'I", wherein M' is an element of Groups Vi
to XVI in the periodic table, preferably of Groups Xlil to XVI in the pericdic table; each of G' to Gf denotes a halogen
atom, an alky! group having 1 to 20 carbon atoms, a dialkylamino group having 2 to 20 carbon atoms, an alkoxy group
having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, an arylalkoxy group having 6 to 20 carbon .
atoms, an alkylaryl group having 7 to 40 carbon atomns, an arylalkyl group having 7 to 40 carbon atoms, a halogen-sub-
stituted hydrocarbon group having 1 to 20 carbon atoms, an acyloxy group having 1 to 20 carbon atoms, an organic
metalloid group or a heteroatom-containing hydrocarbon group having 2 to 20 carbon atoms; two or more of G'to Gf
may be taken together to form a ring; f denotes an integer represented by [(valency of center metal MM)+1], 221
denotes a conjugate base of a Bransted acid alone or a combination of a Brensted acid and a Lewis acid whose loga-
rithmic number of a reciprocal number of an acid dissociation constant (pKa) is -10 or less, or a conjugate base of one
generally referred to be a super acid; a Lewis base may be coordinated; R? denotes a hydrogen atom, an alky! group
having 1 to 20 carbon atoms, an aryl, alkylaryl or arylalkyl group having 6 to 20 carbon atoms, each of R and R is
a cyclopentadieny! group, a substituted cyclopentadieny| group, an indenyl group or a fluorenyl group, R2 denotes an
alkyl, aryl, alkylaryl or arylalkyl group having 1 to 20 carbon atoms; R*3 denotes a large cyclic ligand such as tetraphe-
nylporphyrin, phthalocyanine and the like; k denotes an integer of 1 to 3 which is an ionic valency of [L‘-RQ], [L"’], a
denotes an integer of 1 or more, b=(k x a) ; M2 comprises an element of Groups | to IlI, XI to Xill, XV in the periodic
table, and M2 denotes an element of Groups VIl to XIl are employed preferably.

[0060] Examples of L1 are amines including ammonia, methylamine, aniline, dimethylamine, diethylamine, N-meth-
ylaniline, diphenylamine, N,N-dimethylaniline, trimethylamine, triethylamine, tri-n-butylamine, methyldiphenylamine,-
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pyridine, p-bromo-N,N-dimethylaniline, p-nitro-N,N-dimethylanitine and tﬁé Iiké bhosphines such as triethylphosphine,
triphenylphosphine, diphenylphosphine and the like, thicethers such as tetrahydrothlophene esters such as ethyl ben-
2oate, nitriles such as acetonitrile, benzonitrile and the like. . !

[0061]  R® may for example be methyl, ethyl, benzyl, trityl groups and the like, RY® and R may for example be
cyclopentadienyl, methylcyclopentadienyl, ethylcyclopentadieny!, pentamethylcyclopentadieny! groups and the like.
R'2 may for example be phenyl, p-tolyl, p-methoxyphenyl groups and the like, while R'® may for example be tetraphe-
nylporphine, phthalocyanine, allyl, methallyl groups and the like. M2‘may for example be Li, Na, K, Ag, Cu, Br, |, I3 and
the like, while M® may for example be Mn, Fe, Co, Ni, Zn and the like.

[0062)  In[Z'T, ie.in [M'G'GZ+ + - G}, M' may for example be B, Al, Si, P As, Sb, preferably B and Al. G*, G2to
G may for example be a dialkylamino group such as dimethylamino, diethylamino groups and the like, an alkoxy group
or an arylalkoxy group such as methoxy, ethoxy, n-butoxy, phenoxy groups and the like, a hydrocarbon group such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-octyl, n-eicosyl, phenyl, p-tolyl, benzyl, 4-t-butylphenyl, 3,5-dimeth-
ylphenyl groups and the like, a halogen atom such as fluorine, chlofine, bromine and iodine, a heteroatom-containing
hydrocarbon group such, as p-fluorphenyl, 3,5-difluorophenyi, pentachlorophenyl 3,4,5-trifluorophenyl, pentafiuoroph-
enyl, 3,5-bis(triffucromethyl)phenyl, bis(trimethylsilyl)methyl groups and the like, an organic metalloid group such as
pentamethylantimony, trimethylsilyl, trimehylgermyl, diphenylarsine, dicyclohexylantimony groups and dlphenylboron
and the like.

{0063] A non-coordinating anion, i.e., [Z?] which is a conjugate base of a Bronsted acid alone or a combination of
a Bronsted acid and a Lewis acid whose pKa is -10 or less, may for example be, trifluoromethanesutfonate anion
(CF3S0Qy), bis(triftuoromethanesulfonyl)methy! anione, bis(trifluoromethanesuffonyl)benzyl anione, bis(triphenylmeth-
anesulfonyl)amide, perchlorite anion (ClO,), trifluoroacetate anion (CF3CO5)", hexafluoroantimony anion (SbFg)’, fluor- -
osulfonate anione/pentaflucroantimony (FSO4/SbFg)"; fluorosulfonate anion/pentaflucroarsenic (FSOg/AsFs),
trifiuoromethanesulfonate/pentafluoroantimony (CF3S03/SbFg) and the like.

[0064]) Examples of anionic compound capable of forming an ionic complex by reacting with a transmon metal com-
pound as a component (A), i.e., examples of a compound as a component (B-1) are triethylammonium tetraphenyibo-
rate, tri-n-butylammonium  tetraphenylborate, trimethylammonium tetraphenylborate, tetraethylammonium
tetraphenylborate, methyl(tri-b-butyl)ammonium tetraphenylborate, benzyl{tri-b-butyl)ammonium tetraphenylborate,
dimethylphenylammonium tetraphenylborate, triphenyl{methyl)ammonium tetraphenylborate, trimethylanilinium. tetra-
phenylborate, methylpyridinium tetraphenylborate, benzylpyridinium tetraphenylborate methyl(2- cyanopyrldmlum) tet-
raphenylborate, triethylammonium  tetrakis(pentafiuorophenyl)borate, tri-n-butylammonium  tetrakis(penta-
fluorophenyl)borate, triphenylammonium tetrakis (pentafluorophenyl)borate, tetra-n-butylammonium tetrakis{pentaftuor-
ophenyl)borate, tetracthylammonium tetrakis(pentafluorophenyl)borate, benzyl(tri-n-butyl)ammonium tetrakis(pen-
tafluorophenyl)borate, methyldiphenytammonium tetrakis(pentafluorophenyl)borate, triphenyl(methylJammonium
tetrakis(pentafluorophenyl)borate, methylanilinium tetrakis(pentafiuorophenyljborate, dimethylanilinium tetrakis(pen-
tafluorophenyl)borate, trimethylanilinium tetrakis(pentafluorophenyl)borate,, methylpyridinium tetrakis(pentafluorophe-
nyl)borate,  benzylpyridinium tetrakis(pentaflucrophenyl)borate,  methyl(2-cyanopyridinium)  tetrakis(penta-
fluorophenyl)borate, benzyl{2-cyanopyridinium) tetrakis(pentafluorophenyl)borate, methyl(4-cyanopyridinium) tet-
rakis(pentafluorophenyl)borate, triphenylphosphonium tetrakis(pentafluorophenyl)borate, dimethylanilinium tet-
rakis[bis(3,5-ditrifluoromeéthyl)phenylilborate,  ferrocenium tetraphenylborate, silver tetraphenylborate, trityl

- tetraphenylborate, tetraphenylporphyrinmanganese tetraphenylborate, ferrocenium tetrakis(pentafluorophenyt), (1,1'-

dimethyiferrocenium) tetrakis(pentafluorophenyi)borate, decamethyiferrocenium tetrakis(pentafluorophenyl)borate, sil-
ver tetrakis(pentafluorophenyl)borate, trity! tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate,
sodium tetrakis(pentafluorophenyl)borate, theoraphenylporphyrinmanganese tetrakis(pentafiuorophenyl)borate, silver
tetrafluoroborate, silver hexafluorophosphate, silver hexafluoroarsenate, silver perchlorite, silver trifluorcacetate, silver
trifluoromethanesulfonate, and the like.

Only one of or a mixture of two or more of the components (B-1), each capable of forming an ionic complex by reacting
with a transition metal compound as a component (A), may be employed. A component (B-2) which is an aluminoxane
may for example be a linear aluminoxane represented by Formula (V):

R“ ' R14
Al—o—(-Al— O)——— l )
R14/ l
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R14
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’ whereln R"‘ and w are defined as in Formula (V) shown above.
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" whérein R is a hydrocarbon group such as an alkyl, alkeny!, aryl, arylalkyl groups having 1 to 20, preferably 1 to 12

carbon atoms or is a halogen atom, w represents a degree of polymerization which is usually an integer of 2'to 50, pref-
erably 2 to 40; each R'¥ may be same to or different from each other, and also may be a cyclic aluminoxane repre- )
sented by Formula (VI): ‘ -

L .\

AL ij |
. v
'R

’

[0065] ' In a method for producing an aluminoxane described above, an alkylaluminium is brought into contact with
a condensing agent such as water, while no particular procedure therefor is specified and the reaction may be in
accordance with a known method. For example, {1] @ method in which an organic aluminum compound is dissolved in
an organic solvent and then brought into contact with water, (2] a method in which an organic aluminum compound is
added upon a polymerization and water is subsequently added, [3] a method in which a water of crystallization associ-
ated with a metal or a water adsorbed onto an inorganic or organic substance is reacted with an aluminum compound,
and [4] a method in which a tetraalkyldialuminoxane is reacted with a tnalkylalummlum and then wrth water may be
employed. A toluene-insoluble aluminoxane may also be employed.

Only one aluminoxane may be employed, and a combination of two or more may also be employed.

[0066] The molar ratio of a catalyst component (A) to a catalyst component (B) when employing a c¢ompound (B-1)
as a catalyst component (B) is preferably 10:1 to 1:100, more preferably 2:1 to 1:10, and a ratio departing from this
range is hot advantageous industrially because of an increased catalyst cost per unit weight of a polymer. When a.com-
pound (B-2) is employed, the molar ratio is preferably 1:1 to 1:1000000, more preferably 1:10 to 1:10000, and particu-
larly 1:10 to 1:1000. A ratio departing from this range is not advantageous industrially because of an.increased catalyst
cost per unit weight of a polymer. As a catalyst compound (B), a component (B-1) or (B-2) may be employed alone or
in combination of two or more such components.

[0067] A polymerization catalyst employed in a production method according to the invention may comprise as a
component C an organic aluminum compound in addition to components (A) and (B) described above. -

[0068] As an organic aluminum compound as a component C may be a compound represented by Formula (VIi):

R, AU,, , VI

Wherein R15 denotes an alkyl group having 1 to 10 carbon atoms, J denotes a hydrogen atom, an alkoxy group having
1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms or a halogen atom, and v is an integer of 1 to 3.
[0069] Examples of a compound represented by Formula (V1) shown above are trimethylaluminium, triethylalumin-
ium, triisopropylaluminium, triisobutylaluminium, dimethylaluminium chloride, diethylaluminium chloride, methytalumin-
ium dichloride, ethylaluminium dichtoride, dimethylatuminium fluoride, diisobutylaluminium hydride, diethylaluminium
hydride, ethylaluminium sesquichloride and the like. Among those listed above, trimethylaluminium, triethylaluminium .
and triisobutylaluminium are preferred, and triisobutylaluminium is more preferred. .
[0070] Only one organic aluminum compound listed above may be employed or a combination of two or more such
compound may be employed.
[0071] The molar ratio of a catalyst component (A) to a catalyst component (C) is preferably 1:1 to' 1:10000, more
preferably 1:5 to 1:2000, most preferably 1:10 to 1:1000. While a catalyst component (C) serves to improve the polym-
erizaition activity per unit quantity of a transition metal, it remains uselessly and disadvantageously in the polymer as a
large amount of surplus of the organic aluminum compound when employed in an excessive amount.
[0072) In a production method according to the invention, components (A), (B) and (C) may be subjected to a pre-
liminary contact.
[0073] Such preliminary contact may for example be effected by bringing a component (B) into contact with a com-
ponent (A) by any known method. This preliminary contact serves to improve the catalyst activity and allows the amount
of a component (B) to be reduced, thus being effective in reducing the catalyst cost. In addition to the effectiveness
described above, an improvement with regard to the molecular weight can be obtained by bringing a component (A) into
contact with a component (B-2).
[0074] The temperature at which a preliminary contact is effected ranges usually from -20 °C to 200 °C, preferably
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-10 °C to 150 °C, more preferably 0 °C to 80 °C. In such preliminary contact, a solvent which can be employed includes
inert hydrocarbons and aliphatic hydrocarbons. Among these, an aromatic hydrocarbon is particularly preferred.

[0075] In the present invention, at least one of the catalyst components may be employed as being supported on a
suitable carrier. While the material for such carrier is not particularly limited and may be any of inorganic oxide carriers
and other inorganic and organic carriers, an inorganic oxide carrier or other inorganic carriers are particularly preferred.
[0076] An inorganic oxide carrier may for example be SiO;, AlOa, MgQ, ZrO,, TiO,, Fep0a, B2O3, Cal, Zn0, BaO,
ThO,, as well as mixtures thereof such as silica alumina, zeolite, ferrite, glass fibers, carbons and the like. Among those
listed above, SiO, and Al,O4 are particularly preferred. The inorganic oxide carriers listed above may contain smail
amounts of carbonates, nitrates, sulfates and the like. ' ,

[0077] Other carriers than those described above may for example be a magnesium compound represented by For-
mula MgR'8xXly, such as MgCi2, Mg(OCoHs), and the like, as well as complex salts thereof. In this formula, R'®
denotes an alkyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms or an aryl group hav-
ing 6 to 20 carbon atoms, X1 denotes a halogen atom or an alkyl.group having 1 to 20 carbon atoms, xis 0to 2,y is 0
to 2, and x+Y=2 . Each R'® may be same or different, as may be each x1. . . .

[0078] An organic carrier may for example be a polymer such. as poiystyi'ene, a styrene-divinylbenbzene copoly-
mer, polyethylene, propropylene, a substituted polystyrene, polyallylate and the like, as weli as a starch.

[0079] One employed preferably as a carrier in the invention is MgClp, MgCI(OC,Hs), Mg(OCaHs)s, SiOs, AlyOq
and the like. While the state of a carrier may vary dependent of the type and the production method thereof, a mean
particle size is usually 1 to 300 um, preferably 10 to 200 pum, more preferably 20 to 100 pm. )

{0080] A smaller particle size may result in an increase in microparticles in.the polymér, while a larger particle size
may result in an increase in coarse particles in the polymer, which leads to a reduced bulk density or a plugging in a
hopper. . . .
[0081]  The specific surface area of & carrier is usually 1 to 1000 m?2/g, preferably 50 to 500 m?/g, and the micropore
void volume is usually 0.1 to 5 cm?, preferably 0.3to 3 cm®/g. : . ’ '
{o082] When either of the specific surface area or the micropore void volume departs from the range specified
above, the catalyst activity may be reduced. The specific surface area and the micropore void volume can for example
be calculated based on the volume of the nitrogen gas adsorbed in accordance with BET method (See Journal of the
American Chemical Society, Vol.60, page 309 (1 983)).

[0083]) A carrier listed above is used appropriately after being sintered usually at 100 to 1000 °C, preferably 150 to
800 °C. C '

[o084] When at least one of the catalyst components is supported on a carrier listed above, at least one of catalyst
components (A) and (B), preferably both of catalyst components (A) and (B) are supported.

[0085] A method for allowing at least one of a component (A) and a component (B) to be supported is not particu-
larly limited, and those which may be exemplified are [1} a method in which at least one of a component (A) and acom-
ponent (B) is mixed with a carrier, [2] a method in which a carmier is treated with an organic aluminum compound or a
halogen-containing silicon compound and then mixed with at least one of-a component (A) and a component (B)in an
inert solvent, [3) a method in which a carrier is admixed with a component (A) and/or a component (B) together with an
organic aluminum compound or a halogen-containing silicon compound, [4] a method in which a componént (A) or a
component (B) is supported on a carrier ant then mixed with a component (B) or a component (A), [S] a method in which
a contact reaction product between a component (A) and a component (B) is mixed with a carrier, and [6] a method in
which a contact reaction between a component (A) and a component (B) is effected in the presence of a carrier.

[0086] In the methods [4], [5] and [6] described above, an organic aluminum compound as a component (C) may -
be added. ' ' '
[c087] A catalyst thus obtained may be usedina polymerization after being isolated as a solid by distilling a solvent
off, or alternatively it may be subjected directly to a polymerization.

[o088] In the invention, a catalyst may be produced also by allowing at least one of a component (A) and a compo-
nent (B) to be supported on a carrier within the system of polymerization. For example, at least one of a component (A)
and a component (B) is admixed with a carrier, if necessary together with an organic aluminum compound as a com-
ponent (C) described above, and then an olefin such as ethyiene was subjected to a preliminary polymerization for 1
minutes to 2 hours at -20 °C to 200 °C under an atmospheric pressure to 20 kg/cm? to produce a catalyst particle.
[0089] In the invention, the weight ratic of a component (B-1) to a carrier is preferably 1:5 to 1:10000, more prefer-
ably 1:10 to 1:500, while the weight ratio of a component (B-2) to a carrier is preferably 1:0.5 to 1:1 000, more preferably
1:1 to 1:50. When a mixture of two or more components (B) are employed, itis preferred that the weight ratio of each
component (B) to a carrier is in the range specified above. The weight ratio of a component (A) to a carrier is preferably
1:5 to 1:10000, more preferably 1:10 to 1:500.

[00S0] When the ratio of a component (B) {component (B-1) or compenent (B-2)] to a carrier or the ratio of a com-
ponent (A) to a carrier is departing from the ranges specified above, the activity may be reduced. The polymerization
catalyst of the invention thus prepared usually has a mean particle size of 2 to 200 um, preferably 10 to 150 um, partic-
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ularly 20 to 100 pum, and a specific surface area usually of 20 to 1000 m%/g, preferably 50 to 500 m?/g. A mean particle
size less than 2 pm may resukt in an increase in microparticles in the polymer, while that exceeding 200 pm may result
in an increase in coarse pamcles in the polymer. A specific surface area less than 20 m2/g may result in a reduced activ- _
ity, while that exceeding 100 m 2/g may result in a reduced bulk density of the polymer. In an inventive catalyst, the
amount of a transition metal in 100 g of a carrier is usually 0.05to 10 g, preferably 0.1 to 2 g. An amount of a transnion-

. metal departing from the range described above may result in a reduced activity.

[0091] By means of employing a carrier as a support as described above, a polymer having industrially advanta-
geous high bulk density and excellent particle size distribution can be obtained.

[0092] In a production method according to the present invention, a polymerization catalyst described above is
employed to homopolymerize propylene, or copolymerize propylene and ethylene and/or an a-olefin having 4 to 20 car- .
bon atoms.

[0093] ~ While a polymerization method is not particularly limited in the invention and may be a sluiry polymerization,
a vapor phase polymerization, a bulk polymerization, a sofution polymerization, a suspension polymerization and the’

_ like, those particularly preferred are a slurry polymerization and a vapor phase polymerization.

[0094] , A polymerization condition involves a polymerization temperature usually of -100 to 250 °C, preferably -50
to 200 °C, more preferably O to 130 °C. The ratio of a catalyst to a reactant, represented as starting monomer/compo-
nent (A) (molar ratio), is preferably 1 to 108, particularly 100 to 105. A polymerization time usually of 5 minutes or longer,

and a reaction pressure preferably of atmospherlc pressure to 200 kg/cm2G, particularly atmospheric pressure to 100.
kg/csz are employed. '

[0095] The molecular weight of a polymer may be adjusted by appropriately selecting the types of respective cata-
lyst components, the amounts and the polymerizatlon temperature, or by performing a polymerization in the presence
of hydrogen.

{0096] When a polymerization ‘solvent is used, it may for example be an aromatic hydrocarbon such as benzene,

toluene, xylene, ethylbenezene and the like, an alicyclic hydrocarbon such as cyclopentane, cyclohexane, methylcy-
clohexane and the like, an aliphatic hydrocarbon such as pentane, hexane, heptane, octane and the like, a halogenated

- hydrocarben such as chloroform, dichloromethane and the like. Only one of these solvents may be employed, or a com-

bination of two or more may be employed. A monomer such as an a-olefin may also be employed as a solvent. A certain
polymerization procedure may need no use of a solvent.

[0097] Upon polymerization, a polymerization catalyst described above may be used to perform a preliminary
polymerization. While a preliminary polymerization may for example be conducted by bringing a small amount of an ole-
fin into contact with a solid catalyst component, the procedure for such contact is not particularly limited and may be
any known procedure. An olefin employed in a preliminary polymerization is not particularly limited, and may be any of
those listed above, such as ethylene, an a-olefin having 3 to 20 carbon atoms, or a mixture thereof, while it is advanta-
geous to use an olefin similar to that employed in a main polymerization.

[0098] A preliminary polymerization may be performed usually at -20 to 200 °C, preferably -10 to 130 °C, more pref-
erably 0 to 80 °C. A solvent which may be used in a preliminary polymerization is an inert hydrocarbon, an aliphatic
hydrocarbon, an aromatic hydrocarbon, a monomer and the like. Among these, an aliphatic hydrocarbon is particularly
preferred. A preliminary polymerization may be performed without using any solvent.

[0099] The conditions of a preliminary polymerization may preferably be adjusted so that the intrinsic viscosity [n)
(determined in a decalin at 135 °C) is 0.2 dlL/g or higher, particularly 0.5 dl/g or higher.and the amount of a preliminary
polymerization product per 1 millimole of a transition metal component in a catalyst ranges from 1 to 10000 g, particu-
larly 10 to 1000 g.

[0100] A propyienic polymer according to the invention thus obtained can be formed into a molded article by a press .
molding. It may be used also as a modifier for imparting a resin with a pliability.

[o101] A propylenic polymer composition according to the invention is obtained by admixing a propylene homopol-
ymer described above [component (a)] or a propylenic polymer produced by copolymerizing a propylene and ethylene
and/or an a-olefin having 4 to 20 carbon described above [component (a')] with a nucleating agent (b) at a level of 10
ppm or higher.

[0102] A nucleating agent as a component (b) may be any of those capable of inducing a crystalline nucleation rap-
idly and lowering the supercooling degree required for initiating a crystallization without affecting the physical properties
of a propylenic polymer adversely.

[0103) Examples of a nucleating agent used in the invention are a high melting polymer, an organic carboxylic acid
or its metal salt, an aromatic sulfonate or its metal salt, an organic phosphorus compound or its metal salt, a dibenzyli-
dene sorbitol or its derivative, a rosinic acid partial metal salt, an inorganic microparticle, imides, amides, quinacri-
dones, quinones as well as mixtures thereof.

[0104] A high melting polymer may for example be a potyolefin such as polyethylene and polypropylene, a polyvi-
nylcycloalkane such as polyvinylcyclohexane and polyvinyicyclopentane, as well as poly 3-methylpentene-1, poly 3-
methylbutene-1, polyalkenylisilanes and the like. A metal salt may for example be aluminum benzoate, aluminum p-t-
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butylbenzoate, sodium adipate, sodium thiophenecarboxylate, sodium pyrrole barboxylate and the like. A dibenzylidene
sorbitol and its derivative may for example be dibenzylidene sorbitol, 1, 3:2,4-bis(o-3,4-dimethylbenzylidene)sorbitol,
1,3:2,4-bis(0-2,4-dimethylbenzylidene)sorbitol, 1,3:2,4-bis(0-4- ethylbenzylldene)sorbnol 1,3:2,4-bis(0-4-chlorobenzyli-
dene)sorbitol, 1,3:2,4-dibenzylidene sorbitol and the like. Typically, GELOL MD or GELOL MD-R (trade names) availa-
ble from SHINNIPPON RIKA (KK) may also be exemplified.

[0105] A rosinic acid partial metal salt may for example be PINECRYSTAL KM1600, PINECRYSTAL KM1500,
PINECRYSTAL KM1300 (trade names) and the like which are available from ARAKAWA KAGAKU KOGYO (KK).
[0106] An inorganic microparticle may for example be‘talc,' clay, mica, asbestos, glass fiber, glass fiake, glass bead,
calcium silicate, montmorillonite, bentonite, graphite, aluminium powder, alumina, silica, kieselguhr, titanium oxide,
magnesium oxide, pumice powder, pumice balloon, aluminum hydroxide, magnesium hydroxide, basic magnesium car-
bonate, dolomite, calcium suffate, potassium titanate, barium suifate, calcium sulfite, molybdenum sulfite and the like.
Among these substances, an organic metal phosphate represented by Formula (VIil) and an inorganic microparticle
such as talc are preferable when an inventive propylenic polymer oomposmon is apphed to a food product because of
their reduced odor generation.

_j

gHO)mM'-—’ (VIII)

wherein R'7 denotes a hydrogen atom or an alky! group having 1 to 4 carbon atoms, each of R'® and R'® denotes a
hydrogen atom, an alkyl group having 1 to 12 carbon atoms, cycloalkyi, aryl or aralkyl group; M denotes an alkaline
metal, an alkaline earth metal, aluminum or zinc, and in case that M is an alkaline metal thenmis0andnis 1, and in
case that M is a divalent metal thennist1or2and mis 1 whennis1 and mis 0 when n is 2, and in case that M is
aluminium thenmis 1 andnis 2.

[o107] In addition, since a film formed by molding a propylenic polymer composition containing an inorganic micro-
particle such as talc also has an excellent slipperiness, it gives an improvement in a secondary processing performance
such as bag making or printing performance, due to which it is suitable as a general-purpose packaging film subjected
to a high speed bag making machine including various automatic filling-packaging laminators.

[o108) A film produced by molding a propylenic polymer composition containing a dibenzylidene sorbitol or its
derivative as a nucleating agent has a particularly excellent transparency which is highly display-oriented, and which
makes it to be suitable as a package film of a toy or a stationery.

{0109] Examples of a dibenzylidene sorbitol are 1,3:2,4-bis(o-3,4-dimethyibenzylidene)sorbitol, 1,3:2,4-bis(o-2,4-
dimethylbenzylidene)sorbitol,  1,3:2,4-bis(o-4-ethylbenzylidene)sorbitol, . 1,3:2,4-bis{o-4-chlorobenzylidene)sorbitol,

1,3:2,4-dibenzylidene sorbitol and the like.

[0110] A film produced by molding a propylenic potymer oomposmon containing an amide compound as a nucleat-
ing agent has a particularly excellent rigidity and a less problematic wrinkling when being wound during a high speed
bag making, due to which it is suitable as a general-purpose packaging film subjected to a high speed bag making
machine.

[0111] An amide compound may for example be dianilide adipate, dianilide suberate and the like.

[0112] The amount of an nucleating agent added is usually 10 ppm or higher, preferably 50 to 3000 ppm based on
a propylenic copolymer. An amount less than 10 ppm does not improve a low temperature heat seal per‘fon'nance, while
an increase in a nucleating agent may fail to exhibit a corresponding increase in the effect.

[0113] In view of the transparency and the impact resistance of a propylenic polymer composition, the amount of a
nucleating agent to be added is 1000 ppm or less, particularty 500 ppm or less, although it may vary depending on the
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type of the nucleating agent. Typically wen a sorbitol-based nucleating agent is employed, dibenzylidene sorbitol, in this
case, is added at 3000 ppm or less, more preferably 1500 ppm or less, and most preferably 500 ppm or less. In the case

‘where bis(p-methylbenzylidene)sorbitol or bis(dimethylbenzylidne)sorbitol is employed, it is added preferably-at 1200

ppm or less, more preferably 600 ppm or less, particularly 300 ppm or less. In the case where sodium organophosphaté
which is one of the metal organophosphates, it is added preferably at 50 ppm or less, more preferably 200 ppm or less,
particutarly 125 ppm or less. An aluminium organophosphate is added preferably at 1900 ppm or less, more preferably
1500 ppm or less, particularly 500 ppm or less. When a talc is employed, talc MMR produced by ASADA SEIFUN, for
example in this case, is added preferably at 4000 ppm or less, more preferably 2000 ppm or less, particularly 1000 ppm
or less. When an amide-based compound is employed, N-GESTER-NU-100 produced by SHINNPPON RIKA, for
example in this case, is added preferably at 3000. ppm or less, more preferably 1500 ppm or less, particularly 500 ppm
orless. '

[0114]©  To a propylenic polymer, a propylenic polymer composition, a molded article or a film according to the inven-
tion, customary additives such as antioxidant, neutralizing agent, slipperiness-imparting agent, anti-blocking agent,
anti-frosting agent, decomposing agent, foaming agent, antistatic agent and the like may be incorporated as desired.
[0115)  Afilm produced by a propylenic polymer composition of the invention is produced first by kneading of a pro-
pylenic' polymer and a nucleating agent together with necessary various additives using a single- or twin-screw
extruder, Banbury mixer and the like into a pellet which is then formed into a film by a cast molding. Aiternatively, a pro-
Pylenic polymer, a nucleating agent and necessary addmves are dry-blended in Henschel mixer or an equivalent, and
then formed into a film by a cast molding. [ '
'{0116] When a high melting polymer is used as a nucleating agent, the high melting polymer may be produced

simuttaneously or sequentially during the production of a propylenic polymer in a reactor, whereby obtalnlng a propyl-
enic polymer composition.

{1} Second invention

[0117} The second invention consisting of a propylenic polymer [1], a method for producing the same {2], a propyl-
enic resin composition [3], a molded article [4] and a propylenic resin modifier [5] is detailed below.

[1] Propylenic polymer
[0118] An inventive propylenic polymer is a prapylenic polymer satisfying the following requirements (1) and (2):

(1) the amount of the components which are dissolved out into hexane at 25 °C (H25) ranges from 0 to 80 % by
weight; and, ’

(2) no melting point (Tm(°C)) is observed in DSC or, when any Tm is observed then the Tm and the fusnon endo-
thermic calorie AH (J/g) are in the relationship represented by the following formula:

AH26 x (Tm-140).
In addition, an inventive propylenic polymer is a propylenic polymer satisfying the following requirements (1) to (3):

(1) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising chro-

matography ranges from 20 to 100 % by weight;

(2) the amount of the components which are dissolved out into hexane at 25 °C (H25) langes from O to 80 % by
weight; and,

(3) no melting point (Tm(°C)) is observed in DSC ‘or, when any Tm is observed then the Tm and the fusion endo-

thermic calorie AH (J/g) are in the relationship represented by the following formula:

AH26 x (Tm-140).

[0119] By satistying the requirements described above, an inventive propylenic polymer provides a molded article
exhibiting weli-balanced amount of the stickiness-imparting components, low modulus and transparency. Thus, it exhib-
its a low modulus and an excellent softness (referred to as pliability), contains a reduced amount of a stickiness-impart-
ing component and has an excellent surface characteristics (for example those experienced as a less bleeding and a

less migration of a stickiness-imparting component into other products), and is also associated with an advantegously
excellent transparency.

[0120] The requirements described above are discussed below.
[0121] A propylenic polymer has an amount of the components which are dissolved out at 25 °C or lower (W25) in
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a temperature-raising chromatography which ranges from 20 to 100 %o by wexght preferably 30 to 100 % by weight,
more preferably 50 to 100 % by weight. W25 is an index for the softness of a propylenic polymer. An increase in this
value is associated with an increase in the component having a higher modulus and/or a broader reoregularity distribu-

* tion. In the invention, a value W25 less than 20 % is not preferable since it resuits in‘the loss of the pliability. A value

W25 is the amount (% by weight) of the components which are dissolved-out, instead of adsorbed onto a packing, at
the TREF column temperature of 25 °C, as observed on a elution curve determined by a temperature-raising chroma-
tography performed by the operating procedure with the instruments under the operating conditions specified below.

N '

(|) Opefating procedure

[0122) A sample solution is introduced into a TREF column adjusted at 135°C and then the temperature is lowered
gradually at the lowering rate of 5 °C/hour to 0 °C, at which the temperature is held for 30 minutes to effect a crystalli-
zaiton of a sample on the surface of the packing. Subsequently, the column temperature is raised at the raising rate of
40 °C/hour to 135 °C to obtain an elution curve.

(b) Instruments '

[0123]
TREF column: Manufactured by GL SCIENCE, Silica ge! column (4. 6¢ x 150 mm)
Flow.cell: Manufactured by GL SCIENCE, path length 1 mm, KBr cell
Feed pump: Manufactured by SENSHU KAGAKU, Pump Model SSC-3100
Valve oven: Manufactured by GL. SCIENCE, Oven model 554 (high temperature type)
TREF oven: Manufactured by GL SCIENCE !
Dual-system thermostat: Manufactured by RIKAGAKU KOGYO, Thermostat model REX-C100
Detector: Infrared detector for HPLC, Manutactured by FOXBORO CORP, Model MIRAN 1A CVF
10-way valve: Manufactured by VALCO, Electric valve
Loop: Manufactured by VALCO, 500 uL Loop

(C) Operating conditions
[0124)

Solvent: o-Dichlorobenzene

Sample concentration: 7.5 g/l

Injeciton volume: 500 pL

Pumping rate: 2.0 mU/min

Detection wavenumber: 3.41 pm

Column packing: CHROMOSOLVE P (30 to 60 mesh)
Column temperature deviation: Within £ 0.2 °C

[0125) In a propylenic polymer according to the invention, the amount of the components which are dissolved out
into hexane at 25 °C (H25) ranges from 0 to 80 % by weight. Preferably, it is 0 to 50 % by weight, particutarty 0 to 25 %
by weight. H25 is an index for the leve! of a stickiness-imparting component which causes a reduced transparency, and
a higher H25 indicates an increased amount of a stickiness-imparting component. With a level of H25 exceeding 80 %
by weight, a stickiness-imparting component exists in a large amount, which may cause problematic blocking and trans-
parency characteristics, because of which the use in a food or medical product is not acceptable.

[0126] A level of H25 is a % reduction in weight which is obtained by determining the weight of a propylenic polymer
(WO) and the weight of the same after allowing to stand in 200 mL of hexane at 25 °C for 3 days or longer foliowed by
drying (W1) and then calculating in accordance with the equation shown below.

H25 = [(WO0-W1)/WO0] x 100 (%)

[0127] In a propylenic polymer according to the invention, no melting point (Tm(°C)) is observed in DSC, or, when
any Tm is observed then the Tm and the fusion endothermic calorie AH(J/G) are in the relationship represented by the
following formula:

AH26 x (Tm-140),
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mof'e' preferably,

AH>3 x (Tm-120),
particularly,
AH22 x (Tm-100).

[0128] The vales of Tm and AH are determined in DSC. Thus, using a differential scanning calorimeter (Perkin
Elmer, DSC-7), 10 mg of a sample is fused for 3 minutes at 230 °C under a nitrogen atmosphere and then the temper- .
ature is lowered to 0 °C at the rate of 10 °C /minutes. After holding at 0 °C for 3 minutes, the temperature is raised at
the rate of 10 °C/minutes to obtain a fusion endothermic curve, in which the peak top of the maximurn peak represents
the’ melting point: Tm and the fusion endothermic calorie in this case is represented as AH(J/g). '

_[0129) A propylenic polymer according to the invention is not particularly limited, provided that it can satisfy the

requirements described above, and may for example be a propylene homopolymer or a propylenic copolymer. Specifi-
cally, a propylenic polymer according to the invention described above can more preferably be embodied by a propylene
homopolymer [a)] or a propylene copolymer [a'] described below.

[a] Propylene homopolymer . ’ ’ - '
[0130] A propylene homopolymer of the invention is a polymer satisfying the following requirements (1) to (3):-

(1) the meso-pentad fraction (mmmm (in percentage terms by mole)) ranges from 20 to 60 % by mole;
(2) the racemi-pentad fraction (rrrr) and (1-mmmm) are in the relationship represented by the follov_ving formula:

[rrrr/(1 mmmm)}<0.1

wherein the racemi-pentad fraction (rrrr) and the meso- pentad fraction (mmmm) are not in percentage terms; and
(3) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising chro-
matography ranges from 20 to 100 % by weight. '

When a propylene homopolymer according to the invention satisfies the requnrements described above, a
resultant molded article exhibits well-balanced amount of the stickiness-imparting components, low modulus and
transparency. Thus, it exhibits a low modulus and an excellent softness (referred to as pliability), contains a reduced
amount of a stickiness-imparting component and has an excellent surface characteristics (for example those expe-
rienced as a less bleeding and a less migration of a stickiness-imparting component into other products), and is
also associated with an advantegously excellent transparency. ’

A % meso-pentad (% mmmm) empioyed in the present invention is the same to that discussed in the first
invention. A meso-pentad fraction (mmmm) of an inventive propylene homopolymer less than 20 % by mole may
cause a stickiness. One exceeding 60 % by mole may represent disadvantageously high modulus. A % racemi-
pentad (% rrT) is a % racemic moiety, represented in pentad as a unit, in a polypropylene molecule chain. A value
[rrrr/(1-mmmm)] can be obtained from a % in pentad described above, and serves as an index for the narrowness
in the regularity distribution of a propylene homopolymer. An increase in this value is associated with a broader reg-
ularity distribution, and represents a mixture of a highly regutar PP and APP such as a conventional polypropylene -
produced using an existing catalyst system, and thus is associated with an increased stickiness and a reduced
transparency. A value [rrrr/(1-mmmm)] of a propylene homopotymer of the invention which ‘exceeds 0.1 causes a
stickiness. A '>C-NMR spectrum is obtained similarly as in the first invention. :

The meanings and the determination method of a W25 with regard to a propylene homopolymer are similar to
those with regard to the propylenic polymer [1] described above. A W25 of an inventive propylene homopolymer
less than 20 % results in the loss of pliability.

A propylenic homopolymer is further preferred when it satisfies, among the requirements descrived above, the
following requirements:

(4) the meso-pentad fraction (mmmm (in percentage terms by mole)) ranges from 30 to 60 % by mole;
(5) the racemi-pentad fraction (rrrr) and (1-mmmm) are in the relationship represented by the following formula:

[rerr/(1-mmmm)]<0.08

wherein the racemi-pentad fraction (rrr) and the meso-pentad fraction (mmmm) are not in percentage terms; and,
(6) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising chro--
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matography ranges from 30 to 100 % by weight; )
and is particularly preferred when it satisfies the following requirements:

(7) the racemi-pentad fraction (rrrr) and (1-mmmm) are in the relationship represented by the following formula:

[rrre/(1-mmmm)]<0.06 -,

wherein the racemi-pentad fraction (rrrr) and the meso-pentad fraction (mmmm) are not in percentage ten;ns; and,
(8) the amount of the components which are dissolyed out at 25 °C or lower (W25) in a temperature-raising chro-
matography ranges from 50 to 100 % by weight. .

[0131] A propylene homopolymer according to the invention is preferred when it satisfies, in addition to the require-
ments described above, that the molecular weight distribution (Mw/Mn) determined by a gel permeation chromatagra-
phy (GPC) is 4 or less and/or the intrinsic viscosity [n] determined in a tetralin solvent at 135 °C ranges from 0.5 to 15.0
dl/g, with a Mw/Mn of 3.5 or less and/or a [n] of 1.0 to 5.0 dl/g being more prefefred and a Mw/Mn of 3 or less and/or a
[n} of 1.0 to 3.0 dl/g being particularly preferred. A molecular weight distribution (Mw/Mn) exceeding 4 may cause a
stickiness, and an intrinsic viscosity [n] less than 0.5 dl/g may also cause a stickiness. A [n] exceeding 15.0 di/g results
in a reduced flowability which may lead to a poor molding performance. .
[0132] A Mw/Mn described above may be understood similarly as in the first invention. -

[0133) In addition to the requirements described above, a fusion endothermic calorie AH determined by DSC of 20
J/gr. or less allows an inventive propylene homopolymer to be more pliable and thus be more preferred. A value of AH
is an index for the softness, and a higher value represents a higher modulus and-a reduced softness. A AH is obtained
as described above. ) o : . .
[0134] While an inventive propylenic homopotyrmer may have or may not have a melting point (Tm) ‘and a crystalli-
zation temperature (Tc), it is preferred for the purpose of the softness that such values do not exist or do exist only as
low values, with a Tm not higher than 100 °C being preferred. The values of Tm and Tc are determined by DSC. Thus,
using a differential scanning calorimeter (Perkin Eimer, DSC-7), 10 mg of a sample is fused for 3 minutes at 230 °C
under a nitrogen atmosphere and then the temperature is lowered to 0 °C at the rate of 10 °C /minutes. The peak top
of the maximum curve in the crystallization exothermic curve obtained during this course is the crystallization temper-
ature:Tc. After holding at O °C for 3 minutes, the temperature is raised at the rate of 10 °C/minutes to obtain a fusion
endothermic curve, in which the peak top of the maximum peak represents the melting point: Tm. '

[0135] While during an ordinary propylene potymerization process a 1,2 insertion polymerization, which means that
a carbon atom of a propylene monomer on the side of.a methylene undergoes a binding with an active center of a cat-
alyst followed by a successive coordination of the propylene monomers in the same manner whereby effecting the
polymerization, takes place generally, a 2,1 insertion or a 1,3 insertion may also take place at a less incidence (some-
times referred to as abnormal insertion). In a homopolymer according to the invention, it is preferable that the incidence
of such 2,1 or 1,3 insertion is low. It is also preferable that these insertion rates satisfy the relationship represented by
the following formula (1):

[(m-2,1)+(r-2,1)+(1,3)]<5.0 . M

wherein (m-2,1) is a % meso-2,1 insertion content determined by 13C.NMR, (r-2,1) is a % racemi-2,1 insertion content -
determined by Y3C-NMR, and (1,3) is a % 1,3 insertion content determined by '3C-NMR, and, more preferably, they sat-
isfy the relationship represented by the following formula (2):

[(m-2,1)+(r-2,1)+{1,3)]<1.0 {2).
[0136] It is particularly preferred that they satisfy the relationship represented by the following formula (3):
[(M-2,1}+(r-2,1)+(1,3)]<0.1 @3).

[0137] When the relationship represented by Formula (1) is not satisfied, the crystallinity is reduced far more than
expected, and a stickiness may arise.

(m-2, 1), (r-2, 1) and (1,3) are understood similarly as in the first invention.

[0138] A propylene homopolymer of the invention preferably exhibits substantially no peaks in a 3C-NMR spec-
trum which are assigned to a molecular chain terminal (n-butyl group) as a result of a 2,1 insertion. With regard to this
molecular chain terminal as a resutlt of a 2,1 insertion, each % insertion content is calculated from the integrated inten-
sity of each peak after assignment of the peak in the 13C.NMR spectrum in accordance with the report by Jungling et
al (J.Potym.Sci.:Part A: Polym.Chem., 33, p1305(1 995)).
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' [01:§é] In addition to the requirements described above, a % boiling diethy]ether extract, which is an index for the

modulus, of 5 % by weight or higher allows a propylene homopolymer in the invention to be further preferred. A % boil-
ing diethylether extract can be determined using a Soxlet extractor under the conditions specified below.

Extraction sample: 1to 2 g

State of sample: Powder (a pellet should be pulverized into a powder before use)
Extraction solvent: Diethylether.

Extraction duration: 10 hours

Extraction times: 180 times or more

Calculation of extract: As shown below

[Amount extracted into diethylether (g)} /Charged powder, weight (g)] x 100

[0140] Further breferabty, an inventive propylene homopolymer has a tensile elastic modulus of 100 MPa or Jess,

" more preferably 70 MPa or less.

{a'] Propylenic copolymer

[0141] A propylenic copolymer according to the invention is a copolymer of propyiene and ethylene and/or an a-ole-
fin having 4 to 20 carbon atoms which satisfies the following requirements:

(1) the stereoregularity index {P) determined by a '3C-NMR ranges from 55 to 90 % by mole; and,
(2) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising chro-
matography ranges from 20 to 100 % by weight.

[0142] When a propylenic copolymer according to the invention satisfies the requirements described above, a
resultant molded article exhibits well-balanced amount of the stickiness-imparting components, low modulus and trans-
parency. Thus, it exhibits a low modulus and an excellent softness (referred to as pliability), contains a reduced amount
of a stickiness-imparting component and has an excellent surface characteristics (for example those experienced as a
less bleeding and a less migration of a stickiness-imparting component into other products), and is also associated with
an advantegously excellent transparency. A stereoregularity index {P) in the invention is a value obtained by determin-
ing @ 13C-NMR spectrum similarly as in the first invention using Nippon Densi Model JNM-EX400 '3C-NMR device
described above and then calculating a % meso-triad (mmm) of a propylene chain. An increase in this value is associ-
ated with a higher stereoregularity. A propylenic copolymer according to the invention preferably has a stereoregularity
index (P) of 65 to 80 % by mole. A stereoregularity index (P) less than 55 % by weight results in atoo reduced modulus,
which may lead to a poor molding performance. At 80 % by mole or higher, a rigidness may arise and a softness is lost.
it is further preferred that the W25 is 30 to 100 % by weight, with 50 to 100 % by weight being particularly preferred. A
W25 less than 20 % by weight results in a loss of pliability. The meanings and the determination method of a W25 are
as described above.

[0143] A propylenic copolymer according to the invention is preferred when it satisfies, in addition to the require-
ments described above, that the molecular weight distribution (Mw/Mn) determined by a gel permeation chromatogra-
phy (GPC) is 4 or less and/or the intrinsic viscosity [1] determined in a tetralin solvent at 135 °C ranges from 0.5to 15.0
dl/g, with a Mw/Mn of 3.5 or less and/or a [n] of 1.0 to 5.0 dV/g being more preferred and a Mw/Mn of 3 or less and/or a
[n) of 1.0 to 3.0 dl/g being particularly preferred. A molecular weight distribution (Mw/Mn) exceeding 4 may cause a
stickiness. An intrinsic viscosity [n] less than 0.5 dl/g may also cause a stickiness, and one exceeding 15.0 dl/g results
in a reduced flowability which may iead to a poor molding performance. The determination method of this Mw/Mn is as
described above. ' '

[0144) In addition to the requirements described above, a fusion endothermic calorie AH determined by DSC of 20
Jrgr. or less allows an inventive propylenic copolymer to be more pliable and thus be more preferred. While an inventive
propylenic copolymer may have or may not have a melting point (Tm) and a crystallization temperature (Tc), it is pre-
ferred for the purpose of the softness that such values do not exist or do exist only as low values, with a Tm not higher
than 100 °C being preferred. AH, Tm and Tc are obtained as described above. |n addition to the requirements described
above,

a % boiling diethylether extract, which is an index for the modulus, of 5 % by weight or higher allows a propylenic
copolymer in the invention to be further preferred. The boiling diethylether extract is determined as described above.
{0145] In addition, the tensile elastic modulus is preferably 100 MPa or less, more preferably 70 MPa or less.
[0146] In conjunction with a propylenic copolymer according to the invention, an a-olefin having 4 to 20 carbon
atoms may for example be ethylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-
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dodeoene 1-tetradecene, 1-hexadecene, 1-octadecene, 1-e|cocene and the Ilke and, in the invention, these may be
employed alone or in combination with each other.

[0147] A propylenic copolymer according to the invention is preferably a random copolymer. The structural unit
derived from propylene exists preferably at a level of 90 % by mole or higher, more preferably 95 % by mole or higher.

[Method for producing propylene homopolymer (a) and propylenic copolymer (a')]

[0148] A method for producing a propylene homopalymer (a) and a propylenic copolymer (a') according to the
invention may be a method in which a catalyst system called a metallocene catalyst is used to homopolymerize propyl-
ene or to copolymerize propylene and ethylene and/or an a-olefin having 4 to 20 carbon atoms. A metaliocene-based
catalyst may for example be those described in JP-A-58-19309, JP-A-61-130314, JP-A-3-163088, JP-A-4-300887, JP-
A-4-211694, JP-W-1-502036 and the like, such.as a catalyst derived from a transition metal compound having, as'its
one or two ligands, cyclopentadienyl group, substituted -cyclopentadienyl group, indenyl group, substituted indeny!
group and the like or and a tansition metal compound in which said ligands are ‘controlled geometnoally in combination
with a promoter. )
[0149] In the invention, among metallocene catalysts, one derived from a transition metal compound whose ligand
forms a crosslinking structure via a crosslinking group is preferred, and a particularly preferred method involves a use
of a metallocene catalyst obtaind by combining a transition metal compound whose crosslinking structure is formed via
2 crosslinking groups with a promoter whereby effecting a homopolymerization' of propylene or a copolymerization of
propylene and ethylene and/or an a-olefin having 4 t0,20 carbon atoms.:

[0150]  Typically, a catalyst consists of the following components.

(A) a transition metal compound

(B) a component (B-1) which is a compound capabie of forming an ionic complex by reacting with a transmon metal
compound as a component (A) and a component (B-2) which is an aluminoxane.

[0151] In addition to a component (A) and a component (B), an organic aluminium compound can be used as a
component (C).

[0152] Components (A), {B) and (C) are similar to those described in the first |nvent|on and each of components
(B) and (C) may be used alone or in combination of two or more The amount of each component to be used is also
similar to that employed in the first invention.

[0153] in a production method according to the invention, components (A), (B) and (C) may be subjected to a pre-
liminary contact. Such preliminary contact may for example be effected by bringing a component (B) into contact with
a component (A) in a manner similar to that described in the first invention.

[0154] In the present invention, at least one of the catalyst components may be employed as being supported on a
suitable carrier. A carrier employed in this invention is similar to that in the first invention. A method for allowing at least
one of the catalyst components to be supported on a carrier is also similar to that in the first invention.

{0155) In the present invention, a catalyst may be prepared by irradiating a dynamic wave.upon contact between
components (A), (B) and (C). Such elastic wave is usually a sound wave, preferably an ultrasonic wave. Typically, an
ultrasonic wave at a frequency of 1 to 1000 kHz, preferably 10 to 500 kHz may be exemplified.

[0156] A catalyst thus obtained may be used in a polymerization after being isolated as a solid by distilling a solvent
off, or alternatively it may be subjected directly to a polymerization.’

[0157] In the invention, as is discussed already in the first invention, a catalyst may be produced also by allowing
at least one of a component (A) and a component (B) to be supported an a carrier within the system of polymerization.
[0158] In this invention, the ratio of a component (B-1) to a carrier, the ratio of a component (B-2) to a carrier and

the ratio of a component (A) to a carrier are simitar to those in the first invention.

[0159] The polymerization catalyst of the invention thus prepared usually has a mean particle size of 2 to 200 ym,
preferably 10 to 150 um, particulary 20 to 100 pm, and a specific surface area usually of 20 to 1000 m?/g, preferably
50 to 500 m?/g. In an inventive catalyst, the amount of a transition metal in 100 g of a carrier is usually 0.05t0 10 g,
preferably 0.1 to 2 g. An amount of a transition metal departing from the range described above may result in a reduced
activity.

[0160] By means of employing a carrier as a support as described above, a polymer having industrially advanta-
geous high bulk density and excellent particle size distribution can be obtained.

fo161} A propylenic polymer according to the invention is produced by using a polymerization catalyst described
above to homopolymerize propylene, or to copolymerize propylene and ethylene and/or an a-olefin having 4 to 20 car-
bon atoms.

[0162] While a polymerization method is not particularly limited and may be a slurry polymerization, a vapor phase
potymerization, a bulk polymerization, a solution polymerization, a suspension polymerization and the like, those par-
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ticularly preferred are a slurry polymerization and a vapor phase polymerization.

[o163]) A polymerization condition involves a polymerization temperature usually of -100 to 250 °C, preferably -50
to 200 °C, more preferably 0 to 130 °C. The ratio of a catalyst to a reactant, represented as starting monomer/compo-
nent {A) (molar ratio), is preferably 1 to 108, particularty 100 to 10°. A polymerization time usually of 5 minutes to 10
hours, and a reaction pressure preferably of atmosphenc pressure to 200 kg/csz particularly atmospheric pressure
to 100 kg/cm?G are employed.

[0164] The molecular weight of a polymer may be adjusted by a manner similar to that in the first invention.
[0165] When a polymerization solvent is employed, the types of the solvents may be similar to those in the first
invention. ' ’

[0166} Upen polymerization, a polymerization catalyst described above may be used to perform a preliminary
polymerization. Such preliminary polymerization may be similar to that in the first inyention.

[3] Propylenic resin composition

[0167] , A propylenic resin composition according to the invention is a resin composition obtained by adding a'nucle-
ating agent to a propylenic polymer [1], a propylene homopolymer [a] or a propylenic copolymer [a‘] described above.
In general, the crystallizaiton of a propylenic polymer involves 2 processes, namely, a nucleation process and a crystal
growth process, and it is understood that in the nucleation process the nucleation rate varies dependend on the state
factors such as the difference from the crystallization temperature or the drientation of a molecular chain. Especially )
When a substance having:a molecular chain orientation promoting effect via a adsorption of the molecular chain is
present, the nucleation rate is increased markedly. As a nucleating agent in the invention, one having a nucleation rate
accelerating effect is employed. The substance having a nucleation rate accelerating effect may for example be one
having a molecular chain orientation promoting effect via a adsorption of the molecular chain of a polymer.

[0168] A nucleating agent in this invention is similar to that in the first invention, and only one or a combination of
two or more of nucleating agents may be employed. '

[0169] A propylenic resin compisition in this invention which employs a metal organophosphate and/or an inorganic
microparticle such as talc is preferred because of a reduced generation of an odor. Such propylenic resin composition
is applied preferably to a food product.

fo170) A propylenic resin compisition in this invention which employs as a nucleating agent an inorganic micropar-
ticle such as talc as described above, it exhibits an excellent slipperiness when molded into a film and provides an
improvement in the film characteristics such as printability. When a dibenzylidene sorbitol or its derivative described
above is employed as a nucleating agent, an advantageously excellent transparency is achieved. Also when an amide

- compound described above is employed as a nucleating agent, an advantageously excellent rigidity is achieved.

[0171] An inventive propylenic resin composition may be one obtained by dry-blending a propylenic polymer([1],a -~
propylene homopolymer [a] or a propylenic copolymer [a'] with a nucleating agent, together with various additives if
desired, using a mixer such as Henschel mixer. Alternatively, a kneading may be effected using a single- or twin-screw.
extruder, Banbury mixer and the like. When a high melting polymer is used as a nucleating agent, the high melting pol-
ymer may be added to a reactor simultaneously or sequentially during the production of a propylenic polymer. Additives
employed if necessary are antioxidant, neutralizing agent, slipperiness-imparting agent anti-blocking agent, anti-frost-
ing agent and antistatic agent and the like.

[0172] The amount of a nucleating agent added in the invention is 10 ppm or hlgher preferably 10 to 10000 ppm,
more preferabty 10 to 5000 ppm, particularly 10 to 2500 ppm, based on a propylenic polymer [1], a propylene homopol-
ymer [a) or a propylenic copolymer [a']. An amount less than 10 ppm provides no improvement in the moldability, while .
an amount exceeding 10000 ppm fails to exhibit corresponding increase in the effect. -

{4] Molded article

[0173] A molded article in this invention is a molded article obtained by molding a propylenic polymer [1], a propyi-
ene homopolymer [a], a propylenic copolymer [a'] or a propylenic resin composition [3] described above. An inventive
molded article has a softness (also referred to as pliability) and a high % elasticity recovery (ability of recovery after
being stretched), and is characterized by a less stickiness in spite of its high softness, i.e., a low modulus, as well as an
excellent transparency.

[0174] A molded article in this invention may for example be films, sheets, containers, automobile interior parts,
electricity power line housings and the like. Films may for example be films for food product packagings and films for
agricultural uses (such as for green houses). Containers may for example be clear cases, clear boxes, decorated boxes
utilizing their excellent transparency.

[0175] A molded article may be produced by injection molding, compression molding, injection stamping, gas-
assisted injection molding, extrusion molding, blow molding and the like.
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[0176]) The molding conditions may not particularly be limited, provided that a temperature capable of allowing a
resin to be moften and to flow is employed, and a usual case involves a resin temperature of 50 °C to 300 °C and a mold
temperature of 60 °C or lower. : .

[0177] When a film is formed as a molded article in thls invention, a method which may be employed includes ordi-
nary compressnon molding, extrusion molding, blow molding, cast molding and the like. The film obtained may be ori-
ented or may not be oriented. When oriented, it is preferred to be bnaxnally oriented. The biaxially orienting conditions
involev the parameters descrlbed below. :

[1]) Sheet molding conditions
[0178]
Resin temperature of 50 to 200 °C, chill roll'temperature of 56 °C or lower

[2] Lengthwise orienting conditions

[0179]

~ Orienting magnitude of 3 to 7 times, orienting tem;;eréture of 50 16 100'ﬁC K
[3) Widthwise orieniting conditions
[0180]
Orienting magnitude éf 6 to 12 times, orienting temperature of 50 to 100I°C

[0181] A film may be surface-treated if necessary to enhance its surface energy or to impart the surface with a
polarity. For example, corona discharge treatment, chromic acid treatment, flame treatment, hot gas treatment, ozone-
or UV irmadiation treatment may for example be employed. The surface may be embossed by, for example, sand blast
method or solvent treatment.

[0182) To a film, a customary additives such as antioxidant; neutralizing agent, slipperiness-imparting agent, anti-
blocking agent, anti-frosting agent, antistatic agent and the like may be incorporated as desired.

[0183] A film further containing an inorganic microparticle such as talc exhibits an excellent slipperiness, which
leads to an improvement in secondary processing performances such as bag making or printing performance, due to
which itis suitable as a general-purpose packaging film subjected to a high speed machine including various automatic
filling-packaging Iammators

[0184] A film produced by molding a propylenic resin composition containing a dibenzylidene sorbitol or its deriva-
tive as a nucleating agent has a particularly excellent transparency which is highly display-oriented, and which makes
it suitable as a package film of a toy or a stationery.

. [0185} A film produced by molding a propylenic resin composition contalnmg an amide compound as a nucleating

agent has a particularly excellent rigidity and exhibits a less problematic wrinkling when being wound during a high
speed bag making, due to which it is suitable as a general-purpose packaging film subjected to a high speed bag mak-
ing machine.

[5] Propylenic resin modifier

[0186) A propylenic resin modifier is a resin modifier comprising a propylenic polymer [1}], a propylene homopoly-
mer [a] or a propylenic copolymer [a'] described above. An inventive propylenic resin modifier is characterized by an
ability of providing & molded article having a softness, a less stickiness and an excellent compatibility with a polyolefin
resin. Thus, an inventive propylenic resin modifier exhibits a less stickiness when compared with a conventional modi-
fier which is a soft polyolefin resin, since it comprises specified propylene homopolymer and specified propylenic poly-
mer and is associated partially with a crystallinity especially in a polypropylene chain moiety. in addition, an inventive
propylenic resin modifier is excellent in terms of the compatibility with an olefin resin, especially with a polypropylenic
resin. As a resutt, it exhibits a less deterioration of the surface condition (such as stickiness) and a higher transparency,
when compared with a conventional modifier which is an ethylenic rubber. The characteristics discussed above makes
an inventive propylenic resin modifier to be used preferably as an agent for modifying physical properties such as plia-
bility and transparency.
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{11] Third invention

[b187] The third .invention consisting of a propylenic polymer [1], a method for producing the same [2] and a,
molded article [3] is detanled below. -

. 13 Propylenic polymer

[0188] An inventive propylenic polymer is a propylenic polymer satisfying the following requirements (1) to (3):

(1) the amount of the components which are dissolved out into hexane at 25 °C (H25) ranges from 0 to 80 % by

weight;

(2) no metting point (Tm(°C)) is observed in DSC or, when any Tm is observed then the Tm and the fusion endo-
" thermic calorie AH (J/g) are in the relationship represented by the following formula: '

, AH26 x (Tm-140);

and,
. (3) the molecular weight distribution (Mw/Mn) determined by a gel permeation chromatography (GPC) ranges from
. 2.5 to 14.0 and the intrinsic viscosity [n] determined in a decalin solvent at 135 °C ranges from 0.5 to 15.0 dl/g.
[0189] By satisfying the requirements described above, an inventive propylenic polymer exhibits an excellent melt
flowability and provides a molded article having a less stickiness as well as excellent softness and transparency
[0190] The requirements described above are detailed below.
[0191] In a propylenic polymer according to the invention, the amount of the components which are dissolved out
into hexane at 25 °C (H25) ranges from 0 to 80 % by weight. Preferably, it is 0 to 50 % by weight, partlculariy 0to 25 %

. by weight. H25 is an index for the level of a stickiness-imparting component which causes a reduced transparency, and

a higher H25 indicates an increased amount of a stickiness-imparting component. With a leve! of H25 exceeding 85 %
by weight, a stickiness-imparting component exists in a large amount, which may cause deterioration in blocking and
transparency characteristics.

[o192] H25 can be understood similarly as in the second invention. Furthermore in a propylenic polymer according
to the invention, no melting point (Tm(°C)) is observed in DSC, or, when any Tm is observed then the Tm and the fusion
endothermic calorie AH{J/G) are in the relationship represented by the following formula:

AH26 x (Tm-140),
more préferahly,

AH23 x (Tm-120),
particularly,

AH22 x (Tm-100).

[0193] Tm and AH can also be understood similarly as in the second invention. :
[0194] A propylenic copolymer according to the invention has a molecular weight distribution {Mw/Mn) determined
by a gel permeation chromatography (GPC) of 2.5 to 14.0 and an intrinsic viscosity [n] determined in a decalin solvent
at 135 °C of 0.5 to 15.0 di/g. An Mw/Mn of 3.0 to 12.0 and a [n] of 1.0 to 5.0 dV/g are more preferred, and an Mw/Mn of
4.0to 10.0 and a [n] of 1.0 to 3.0 dl/g is particularly preferred. A molecular weight distribution (Mw/Mn) less than 2.5
results in a poor moldability, while that exceeding 14.0 may cause a stickiness. An intrinsic viscosity [n] less than 0.5
dl/g may also cause a stickiness, and one exceeding 15.0 dl/g results in a reduced flowability which may lead to a poor
molding performance. GPC is determined similarly as in the first invention.

[0195] In addition to the requirements described above, a complex viscosity coefficient (n*)(Pa - s) and an intrinsic
viscosity [n] (dl/g) at the frequency w of 100 rad/sec in determination of the frequency distribution of the melt viscoelas-
ticity, which are in the relationship represented by the formula:

n*<1591n+4743;

more preferably,
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1" <1591+600;
particularly, L . ' :

e n*<159M+500; .
allows an inventive propylenic copolymer to have an improved melt flowability and thus be more preferred.

{0196) A value of (1")(Pa*s) is obtained by determining a frequency distripution of a melt viscoelasticity using a
rotary rheometer (ARES) manufactured by RHEOMETRIX together with a paralle! plate (25 mm in diameter, 1mm in
gap) at the temperature of 230 °C and at the initial strain of 20 % or less. (") is an index for the flowability of a moiten
resin upon molding fabrication, and a lower value indicates a higher flowability and a higher molding fabrication perform-
ance. : : . . . . )
[0197] A propylenic polymer according to the invention is not particularly limited, provided that it can satisfy the
requirements described above, and may for example be a propylene homopolymer or a propylenic copolymer. Specifi-
cally, a propylenic polymer according to the invention described above can more preferably be embodied by a propylene
homopolymer [a] or a gropylene copolymer [a'] described below.

[a} _Proﬁylene hdmopolymer S .

[0198] A propylene homopolymer of the invention is a polymer sat.isfying- the following requirements (1) to (3):

(1 tﬁe-n{eso-peniad fraction (mmmm (in percentage terms by mole)) ranges from 20 to 85 % by mole;
(2) the racemi-pentad fraction (rrrr) and (1-mmmm) are in the relationship represented by the following formula:

[rere/(1-mmmm))<0.1

wherein the racemi-pentad fraction (rrrr) and the meso-pentad fraction (mmmm) are not in percentage terms; and,
(3) the molecular weight distribution (Mw/Mn) detenmined by a gel permeation chromatography (GPC) ranges from
2.5 to 14.0 and the intrinsic viscosity [n] determined in a decalin solvent at 1356 °C ranges from 0.5 to 15.0 di/g.

[0199] When a propylene homopolymer according to the invention satisfies the requirements described above, a
resultant molded article exhibits an excellent melt flowabllity, a less stickiness, and excellent softness and transparency.
[0200] A % meso-pentad (% mmmm) and a % racemi-pentad (% -rrrT) referred herein were similar to those
described in the first invention. An inventive propylene homopolymer has a % meso-pentad (% mmmm) which is pref-
erably 30 to 70 %, particularly 35 to 60 %. A meso-pentad fraction (mmmm) of an inventive propylene homopolymer
less than 20 % by mole may cause a stickiness. One exceeding 85 % by mole results in a disadvantageously higher
modulus. An inventive propylene homopolymer is preferred when [rrr/(1-mmmm)}<0.08, and is particularly 'preferred
when [rrrr/(1-mmmm)]<0.06. A value of [rrrr/(1-mmmm)] exceeding 0.1 may cause a stickiness. .

[0201] A propylene homopolymer according to the invention has a molecular weight distribution (Mw/Mn) deter-
mined by a gel permeation chromatography {(GPC) of 2.5 to 14.0 and an intrinsic viscosity [n] determined in a decalin
solvent at 135 °C of 0.5 to 15.0 dV/g. An Mw/Mn of 3.0 to 12.0 and a [ny] of 1.0 to 5.0 dl/g are more preferred, and an
Mw/Mn of 4.0 to 10.0 and a [n] of 1.0 to 3.0 dl/g is paiticularly preferred. A molecular weight distribution (Mw/Mn) less
than 2.5 results in a poor moldability, while that exceeding 14.0 may cause a stickiness. An intrinsic viscosity [n] less
than 0.5 dl/g may also cause a stickiness, and one exceeding 15.0 dl/g results in a reduced flowability which may lead
to a poor molding performance.

{0202] In addition to the requirements described above, a complex viscosity coefficient (n*)(Pa = s) and an intrinsic
viscosity [n] (dl/g) at the frequency o of 100 rad/sec in determination of the frequency distribution of the meit viscoelas-
ticity, which are in the relationship represented by the formula:

N*<1591+743;
more preferably,

n"<1591+600;
particularly,

n*<1591+500;
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allows an inventive propylene homopolymer to have an improved melt flowability and thus be more preferred.

[0203)  The meaning of (n*)(Pa - s) is understood as discussed above.

[0204] In addition, it is preferred that in a propylene homopolymer according to the invention the amount of the com-
ponents which are dissolved out at 25 °C or lower (W25) in a temperature-raising chromatography ranges from 20 to
100 % by weight. More preferably, such amount ranges from 30 to 100 % by. weight, and most preferably 50 to 100 %'
by weight. W25 is an index for the softness of a propylenic polymer. An increase in this value is associated with an
increase ih the component having a higher modulus and/or a broader stereoregularity distribution. In the invention, a
value W25 less than 20 % may result in the loss of the pliability. A value W25 is the amount (% by weight) of the com-
ponents which are dissolved out, instead of adsorbed onto a packing, at the TREF column temperature of 25 °C, as
observed on a elution curve determined by a temperature-raising chromatography performed by the operating proce-
dure with the instruments under the operating conditions described in the examples. In the invention, a value W25 less
than 20 % may result in the loss of the pliability. ’
[0205] . Furthermore, a fusion endothermic calorie AH determined by DSC of 20 Jigr. or less allows an inventive pro-
pylene homopolymer to be excellent in terms of the pliability and thus be more preferred. A value of AH is an index for

_the softness, and a higher value represents a higher modulus and a reduced softness. A AH is obtained as described

above. ) : '
[0206] ;' In addition, while an inventive propylenic homopolymer may have or may not have a melting point (Tm) and

‘a crystallization temperature (Tc¢), it is preferred for the purpose of the scftness that such values do not exist or do exist

only as low values, with a T not higher than 100 °C being preferred. The values of Tm and Tc are determined by DSC,
and may be understood as described in the second invention.

[0207] While during an ordinary propylene polymerization process a 1,2 insertion polymerization, WhICh means that
a carbon atom of a propylene monomer on the side of a methylene undergoes a binding with an active center of a cat-
alyst followed by a successive coordination of the propylene monomers in the same manner whereby effecting the
polymerization, takes place generally, a 2,1 insertion or a 1,3 insertion may alsa take place at a less incidence (some-
times referred to as abnormal insertion). In a homopolymer according to the invention, it is preferabie that the incidence
of such 2,1 or 1,3 insertion is low. It is also preferable that these insertion rates satisfy the relationship represented by

" the following formula (1):

[(m-2,1)+(r-2,1)+(1,3)]<5.0 _ B A))

wherein (m-2,1) is a % meso-2,1 insertion content determined by 13C.NMR, (r-2,1) is a % racemi-2,1 insertion content
determined by 13C-NMR, and (1,3) is a % 1,3 insertion content determined by *>3C-NMR, and, more preferably, they sat-
isfy the relationship represented by the following formula (2):

[(M-2,1)+(r-2,1)+(13))<1.0 ) ).
It is particularly preferred that they satisfy the relationship represented by the following formula (3):
[(m-2,1)+(r-2,1)+(1,3)]<0.1 3).

When the relationship represented by Formula (1) is not satisfied, the crystallinity is reduced far more than expected,
and a stickiness may arise. (m-2, 1), (r-2, 1) and (1,3) are understood similarly as in the first invention.

[0208] A propylene homopolymer of the invention preferably exhibits substantially no peaks in a 13C-NMR spec-
trum which are assigned to a molecular chain terminal (n-butyl group) as a result of a 2,1 insertion. With regard to this
molecular chain terminal as a result of a 2,1 insertion, each % insertion content is calculated from the integrated inten- -
sity of each peak after assignment of the peak in the 13C.NMR spectrum in accordance with the report by Junghng et
al (J.Polym.Sci.:Part A: Polym.Chem., 33, p1305(1995)).

[0209] In addition to the requirements described above, a % boiling diethylether extract, which is an index for the
modulus, of § % by weight or higher allows a propylene homopolymer in the invention to be further preferred. A % boil-
ing diethylether extract can be determined as described in the second invention.

[0210] Further preferably, an inventive propylene homopolymer has a tensile elastic modulus of 100 MPa or less,
more preferably 70 MPa or less.

[a') Propytenic copolymer

[0211] A propylenic copolymer according to the invention is a copolymer of propylene and ethylene and/or an a-ole-
fin having 4 to 20 carbon atoms which satisfies the following requirements:
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(1) the stereoregularity index (P) determined by a 3C-NMR ranges from 45 to 90 % by mole; and (2) the molecutar
weight distribution (Mw/Mn) determined by a gel permeation'‘chromatography (GPC) ranges from 2.5 to 14.0 and
the intrinsic viscosity [n} determined in a decalin solvent at 135 °C ranges from 0.5 to 15.0 dl/g.

[0212] By satisfying'the requirements described above, an inventivé propylenic polymer exhibits an excellent melt
flowability and provides a molded article having a less stickiness as well as excellent softness and transparency.

" [0213) A stereoregularity index (P) in the invention is a value obtained by determining a 3C-NMR spectrum.and

then calculating a % meso-triad (mm) of a propylene chain, and an increase in this value is associated with a higher
stereoregularity. A propylenic copolymer according to the invention preferably has a stereoregularity index (P) of 65 to
80 % by mole. A stereoregularity index (P) less than 55 % by weight results in a too reduced modulus, which may lead
to a poor molding performance. At 90 % by mole or higher, a softness is lost.

[0214] - '3C-NMR spectrum is determined in a manner similar to that described in the first invention.

[0215] Furthermore, a propylenic copolymer in this invention has a molecular weight distribution (Mw/Mn), deter-
mined by a gel permeation chromatography (GPC) described in the examples; of 2.5 to 14.0 and an intrinsic viscosity
[n] determined in a decalin solvent at 135 °C of 0.5 to 15.0 di/g. An Mw/Mn of 3.0 to 12.0 and a [n] of 1.0 t0 5.0 dl/g are

more preterred, and an Mw/Mn of 4.0 to 10.0 and a [n) of 1.0 to 3.0 dl/g is particularly preferred. A molecular weight

distribution (Mw/Mn) less than 2.5 results in a poor moldability, while that exceeding 14.0 may cause a stickiness. An
intrinsic viscosity [n] less than 0.5 di/g may also cause a stickiness, while that exceeding 15.0 dl/g results in a reduced

flowability which may lead to a poor molding performance. GPC is determined by a method described in the first inven-
tion.

[0216] in addition to the requirements described above, a complex visoosity coefficient (n*){Pa + s) and an intrinsic -

viscosity [} (d\/g) at the frequency  of 100 rad/sec in determination of the frequency distribution of the metlt viscoelas-
ticity, which are in the relatlonshlp represented by the formula:

1"<159N+743;
more preferably,

11'<.1l59r]+600;
particularly,

n*<1 5911 +50‘0.;

allows an inventive propylenic copolymer to have an improved melt flowability and thus be more preferred.

[0217] The meaning of (n*)(Pa « s) is understocd as discussed above.

[0218]) n addition, it is preferred that in a propylenic copolymer according to the invention the amount of the com-
ponents which are dissolved out at 25 °C or lower (W25) in a temperature-raising chromatography ranges from 20 to
100 % by weight. More preferably, such amount ranges from 30 to 100 % by weight, and most preferably 50 to 100 %
by weight. A value W25 less than 20 % may result in the loss of the pliability. The meaning and the determmnination
method of W 26 are as described above. ) .
[0219] Furthermore, a fusion endothermic calorie AH determined by DSC of 20 J/gr. or less allows an inventive pro-
pylenic copolymer to be excellent in terms of the pliability and thus be more preferred. In addition, while an inventive
propylenic copolymer may have or may not have a melting point (Tm) and a crystailization temperature (Tc), it is pre-
ferred for the purpose of the softness that such values do not exist or do exist only as low values, with a Tm not higher
than 100 °C being preferred. The determination methods of AH, Tm and Tc are as described above.

[0220] In addition to the requirements described above, a % boiling diethylether extract, which is an index for the
modulus, of 5 % by weight or higher allows a propylenic copotymer in the invention to be further preferred.

[0221) In addition, the tensile elastic modulus is preferably 100 MPa or less, more preferably 70 MPa or less.
[0222] In conjunction with a propylenic copolymer according to the invention, an a-olefin having 4 to 20 carbon
atoms may for example be ethylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-
dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 1-eicocene and the like, and, in the invention, these may be
employed alone or in combination with each other.

[0223] A propylenic copolymer according to the invention is preferably a random copolymer. The structural unit
derived from propylene exists preferably at a tevel of 90 % by mole or higher, more preferably 95 % by mole or higher.
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" [Méthod for producing propylene homopolymer [a] and propylenic copolymer [a1])

[0224} A'methodfor producing a propylene homopolymer [a) and a propylenic copolymer [a‘] according to the inven-
tion may be a method in which a propylene is homopolymerized or copolymerized by a multi-step polymerization proc-
ess comprising at least a step in which propylene is homopolymerized, or propylene and ethylene and/or an a-olefin:

. having 4 to 20 carbon atoms are copolymerized in the presence of a catalyst system called a metallocene catalyst. A

metallocene catalyst may for example be those described in the second invention. In the invention, among metallocene
catalysts, one derived from a transition metal compound whose ligand forms a crosslinking structure via a crosslinking
group is preferred, and a particularly preferred method involves a multi-step polymerization process comprising at least
a step in which propylene is homopolymerized, or propylene and ethylene and/or an a-olefin having 4 to 20 carbon .
atoms are copolymerized in the presence of a metallocene catalyst obtaind by combining a transition metal compound
whose crosslinking structure is formed via 2 crossiinking groups with a promoter.
[0225] Typically, a catalyst consists of the following components.

(A) a transition metal compound

(B) a component (B-1) which is a compound capable of forming an ionic complex by reacting with a transition metal

compound as a component (A) and a component (B-2) which is an aluminoxane.

[0226] In addition to-a component (A) and a component (B) an organic aluminium compound can beeused as a
cbmponent (C). :

[0227] Components (A), (B) and (C) are similar to those described in the first invention, and each of oomponents
(B) and (C) may be used alone or in combination of two or more. The amount of each component to be used is also
similar to that employed in the first invention.

[0228] In a production method according to the invention, components (A), (B) and (C) may be subjected to a pre-
liminary contact. Such preliminary contact may for example bé effected by bringing a component (B) into contact with
a component (A). Such preliminary contact may be performed in a manner similar to that described in the first invention.
[0229] In the present invention, at least one of the catalyst components may be employed as being supported on a
suitable carrier. A carrier employed is similar to that in the first invention. A method for allowing at least one of the cat-
alyst components to be supported on a carrier is also similar to that in the first invention.

[0230] In the present invention, a catalyst may be prepared by irradiating a dynamic wave upon contact between
components (A), (B) and (C). Such elastic wave is usually a sound wave, preferably an ultrasonic wave. Typically, an
ultrasonic wave at a frequency of 1 to 1000 kHz, preferably 10 to 500 kHz may be exemplified.

[0231] A catalyst thus obtained may be used in a polymerization after being isolated as a solid by distilling a solvent
off, or alternatively it may be subjected directly to a polymerization.

{0232) In the invention, as is discussed already in the first invention, a catalyst may be produced also by allowing
at least one of a component (A) and a component (B) to be supported on a carrier within the system of polymerization.
[0233] The ratio of each component to a carrier is also the same to that employed in the first invention. The polym-
erization catalyst of the invention thus prepared usually has a mean particle size of 2 to 200 um, preferably 10 to 150
um, particularly 20 to 100 pm, and a specific surface area usually of 20 to 1000 m%/g, preferably 50 to 500 m2/g. In an
inventive catalyst, the amount of a transition metal in 160 g of a carrier is usually 0.05t0 10 g, preferably 0.1t0 2 g. An
amount of a transition metal departing from the range described above may result in a reduced activity.

[0234) A propylene homopolymer [a] and a propylenic copolymer [a'] according to the invention are produced by a
method in which a propylene is homopolymerized or copolymerized by a multi-step polymerization process comprising
at least a step in which propylene is homopoltymerized, or propylene and ethylene and/or an a-olefin having 4 to 20 car-
bon atoms are copolymerized in the presence of a metallocene catalyst. An inventive production method may be a
method in which a propylene is homopolymerized or copolymerized by a multi-step polymerization process comprising
at least a step in which propylene is homopolymerized, or propylene and ethylene and/or an a-olefin having 4 to 20 car-
bon atoms are copolymerized in the presence of a co-catalyst comprising a metallocene catalyst containing a compo-
nent (A) described above and a cormponent (B) and at least one other catalyst. The copolymerization may be performed
as a multi-step polymerization or may not. Preferably, a multi-step polymerization is employed for the polymerization.
[0235] In a production method in this invention a polymerization method is not particularty limited and may be a
slurry polymerization, a vapor phase polymerization, a bulk polymerization, a solution polymerization, a suspension
polymerization and the like, and those particutarly preferred are a slurry polymerization and a vapor phase polymeriza-
tion.

[0236) A polymerization condition of a mutti-step polymerization or a single-stage polymerization involves a polym-
erization temperature usually of -100 to 250 °C, preferably -50 to 200 °C, more preferably 0 to 130 °C. The ratio of a
catalyst to a reactant, represented as starting monomer/component (A) (molar ratio), is preferably 1 to 108, particularty
100 to 105, A polymerization time usually of 5 minutes to 10 hours, and a reaction pressure preferably of atmospheric -
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pressure to 200 kg/cm2G, particularly atmospheric pressure to 100 kg/cm?2G are employed.

[0237] The molecular weight of a polymer may be adjusted by appropriately selecting the type and the amount of
each catalyst conponent and the polymerization temperature, or by performing thelpolymerization in the presence of a
chain transfer agent. In this context, the description in the second invention can analogously be applied. In the case of
a multi-step polymerization, it is preferred to use the polymerization conditions, such as temperature, pressure, polym-
erization time, amount of a chain transfer agent, monomer composmon ratio and the like, in the second stage which are
different from those in the first stage.

[0238] When a potymerlzatlon solvent is employed the types of the solvents may be similar to those in the first
invention. A monomer such as an a-olefin may also be employed as.a solvent. Some pelymerization methods need no
use of solvents.

[0239] Upon polymerization, a polymerization’ catalyst described above may be used to perform a prehmlnary
polymerization. Such preliminary polymerization may be similar to that in the first invention.

[0240] A propylenic polymer, a propylene homopolymer [a] and a propylenic copolymer [a'] in this invention may be
supplemented with a nucleating agent. Such nucleating agent is understood similarly as in the first invention.

[0241] Asa nucleatihg agent in this invention, a'metal organophosphate and/or an inorganic microparticle such as
talc, as described in the firstinvention, is preferred because of a reduced generation of an odor and can be applied pref--
erably to a food product.

[0242) In this invention, the use of an inorganic mlcropamcle~such as talc as described above as a nucleating agent
results in an excellent slipperiness of a molded film and provides an improevement in the characteristics such as printa-
blhty When a dibenzylidene sorbito! or its derivative described above is employed as a nucleating agent, an advanta-
geously excellent transparency is achieved. Also when an amide compound described above is employed as a-
nucleating agent, an advantageously excellent rigidity is achieved.

[0243] In this invention, a nucleating agent and various desirable additives are dry-blended using a mlxer such as
Henschel mixer. Alternatively, a kneading may be effected using a single- or twin-screw extruder, Banbury mixer and
the like. When a high melting polymer is used as a nucleating agent, the high meiting polymer may be added to a reac-
tor simultaneously or sequentially during the production of a propylenic polymer. Additives employed if necessary are
antioxidant, neutralizing agent, slipperiness-imparting agent, anti-blocking agent, antl-frostmg agent and antistatic
agent and the like.

[0244) The amount of a nucleating agent added in the mventlon is 10 ppm or hlgher preferably 10 to 10000 ppm,
more preferably 10 to 5000 ppm, particularly 10 to 2500 ppm, based on a propylenic potymer [1], a propylene homopol-
ymer [a] or a propylenic copotymer [a'}. An amount less than 10 ppm provides no improvement in the moldability, while
an amount exceéding 10000 ppm fails to exhibit corresponding increase in the effect.

[3) Molded article

[0245) A molded article in this invention is a molded article obtained by molding a propylenic polymer [1}, a propyl-
ene homopolymer [a} or a propylenic copolymer [a'] described above (hereinafter also referred to as inventive propyl-
enic polymers). An inventive molded article has a softness (also referred to as pliability) and a high % elasticity recovery
(ability of recovery after being stretched), and is. characterized by a less stickiness in spite of its high softness, i.e., a
low modulus, as weli as an excellent transparency.

[0246] A molded article in this invention may for example be films, sheets, containers, automobile interior parts,
electricity power line housings and the like. Films may for example be films for food product packagings and films for
agricultural uses (such as for green houses). Containers may for example be clear cases, clear boxes, decorated boxes
utilizing their excellent transparency.

[0247) A molded article may be produced by injection molding, compression molding, injection stamping, gas-
assisted injection molding, extrusion molding, blow molding and the like.

[0248] The molding conditions may not particularly be limited, provided that a temperature capable of allowing a
resin to be molten and to flow is employed, and in this context, the description in the second invention can analogously
be applied. The fitm may be oriented or may not be oriented. When oriented, it is preferred to be biaxially oriented. The
biaxially orienting conditions involve the parameters described in the second invention.

[0249] A film may be surface-treated if necessary to enhance its surface energy or to impart the surface with a
polarity.

[0250] To a film, a customary additives such as antioxidant, neutralizing agent, slipperiness-imparting agent, anti-
blocking agent, anti-frosting agent, antistatic agent and the like may be incorporated as desired.

[0251] A film further containing an inorganic microparticle such as talc exhibits an excellent slipperiness, which
leads to an improvemnent in secondary processing performances such as bag making or printing performance, due to
which itis suitable as a general-purpose packaging film subjected to a high speed machine including various automatic
filling-packaging laminators.
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[0252] . A film produced by molding a propylenic polymers containing a dibenzylidene sorbitol or its derivative as a
nucleating agent has a particularly excellent transparency which is highly display-oriented, and which makes it suitable
as a package film of a toy or a stationery. : )
[0253]) A film produced by molding a propylenic polymers containing an amide compound as a nucleating agent has
a particularly excellent rigidity and exhibits a less problematic wrinkling when being wound during a high speed bag

. making, due to which it is suitable as a general-purpose packaging film subjected to a high speed bag making machine.

[0254) An inventive propylenic polymers are used preferably also as propylenic resin modifiers.

(V] Fourth invention

[0255] " The fourth invention consisting of a propylenic resin composition [1], 8 method for producing the same [2],
and a molded article [3] is detailed below.

[1] Propylenic resin composition ,
[0256] * A propylenic resin composition in this invention consists of a propylene homopolymer (a) and/or a propylenic
copolymer (a'), and is a resin composition {hereinafter also referred to as a propylenlc resin composmon of the first
Invention] which satisfies the following requirements {11 to [3):

+
i

[1] the amount of the components extracted with a boiling diethylether ranges 1 to 99 % by weight;
[2] in a propylene homopolymer (a) a component extracted with a boiling diethylether satisfies the following
requirements (1) to (3):

(1) the meso-pentad fraction (mmmm (in percentage terms by mole)) ranges from 20 to 60 % by mole;

(2) the racemi-pentad fraction {rrr) and (1-mmmm) are in the relationship represented by the following formula:

[rrer/(1-mmmm)]<0.1

wherein the racemi-pentad fraction (rrrr) and the meso-pentad fraction (mmmm) are not in percentage terms;
and,

(3) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-ralsmg
chromatography ranges from 20 to 100 % by weight; and,

[3) in a propyienic copolymer (a'), a component extracted with a boiling diethylether satisfies the following require-
ments (4) and (5):

(4) the stereoregularity index {P) determined by a '3C-NMR ranges from 55 to 90 % by molean.d
(5) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising
chromatography ranges from 20 to 100 % by weight.

[0257] A propylene homopolymer (a) and a propylene copolymer in this invention ere as described below.

{a) Propylene homopolymer
[0258) A propylene homopolymer in this invention is a polymer which satisfies the following requirements (1) to (3):

(1) the meso-pentad fraction (mmmm (in percentage terms by mole)) ranges from 20 to 60 % by mole;
(2) the racemi-pentad fraction (rrrr) and (1-mmmm) are in the relationship represented by the following formula:

[rerr/(1-mmmm)]<0.1

wherein the racemi-pentad fraction (rrrr) and the meso-pentad fraction (mmmm) are not in percentage terms; and,
(3) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising chro-
matography ranges from 20 to 100 % by weight.

By satisfying the requirements described above, an inventive propylene homopolymer provides a molded arti-
cle exhibiting well-balanced amount of the stickiness-imparting components, low modulus and transparency. Thus,
it exhibits a low modulus and an excellent softness (referred to as pliability), contains a reduced amount of a stick-
iness-imparting component and has an excellent surface characteristics (for example those experienced as a less -
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bleeding and a less migration of a stickiness-imparting component into other products), and is also associated with
an advantageously excellent transparency. :

A % meso-pentad (% mmmm) emnployed in the present invention and a % racemi-pentad (% rrrr) are the same
to those discussed in the first invention. A meso-pentad fraction (mmmm) of an inventive propylene homopolymer
less than 20 % by miole may cause a stickiness. One exceeding 60 % by mole may represent disadvantageously
high modulus. A value of [rrrr/(1-mmmm)] of an inventive propy|ene homopolymer which exceeds 0.1 may cause a
stickiness. -

A 13C-NMR spectrum is obtalned similarly as in the first invention. \

A propylene homopolymer in this invention has an amount of the components which are dissolved out at 25 °C
or lower (W25) in a temperature-raising chromatography ranging from 20 to 100 % by weight. More preferably, such
amount ranges from 30 to 100 % by weight, and most preferably 50 to 100 % by weight. The description with regard
to W 25 is similar to those in the second invention. .

In this invention, a propylemc homopolymer described above is further preferred when it satisfies, among the
requirements described above, the following requirements:

(4) the meso-pentad fraction {mmmm (in percentage terms by mole)) ranges from 30 to 50 % by mole;-
(5) the racemi-pentad fraction (rrrr) and (1-mmrmm) are in the relationship represented by the following formula:

[rrrr/(1-mmmm)]<0.08

wherein the racemi-pentad fraction (rrrr) and the meso-pentad fraction (mmmm) are not in percentagé terms; and,

(6) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-rmsmg chro- -

matography ranges from 30 to 100 % by weight;
and is particularly preferred when it satisfies the following requirements:
(7) the racemi-pentad fraction (rrrr) and (1-mmmm) are in the relatlonshln represented by the followmg formula:

[rree/( -mmmm)]s0.0G

wherein the racemi-pentad fraction (rrrr) and the meso-pentad fraction (mmmm) are not in percentage terms; and,
(8) the amount of the components which are dissolved out at 25 °C or Iower (W25) in a temperature-| ralsmg chro-
matography ranges from 50 to 100 % by weight.

[0259] A propylene homopolymer according to the invention is preferred when it satisfies, in addition to the require-
ments described above, that the molecular weight distribution (Mw/Mn) determined by a gel permeation chromatogra-
phy (GPC) is 4 or less and/or the intrinsic viscosity [n] determined in a tetralin solvent at 135 °C ranges from 0.5to 15.0
dl/g, with an Mw/Mn of 3.5 or less and/or a [n)] of 1.0 to 5.0 dl/g being more preferred and an Mw/Mn of 3 or less and/or
a [n] of 1.0 to 3.0 di/g being particularly preferred. A molecular weight distribution (Mw/Mn) exceeding 4 may cause a
stickiness, and an intrinsic viscosity [n] less than 0.5 di/g may also cause a stickiness. A [} exceeding 15.0 dl/g results
in a reduced flowability which may lead to a poor molding performance.

[0260] An Mw/Mn described above may be understood similarly as in the first invention.

- [0261] In addition to the requirements described above, a fusion endothermic calorie AH determined by DSC of 20

J/gr. or less allows an inventive propylene homopolymer to be more pliable and thus be more preferred. A value of AH
is an index for the softness, and a higher value represents a higher modulus and a reduced softness. A AH is a fusion
endothermic calorie obtained using a differential scanning calorimeter (Perkin-Elmer, DSC-7) by fusing 10 mg of a sam-
ple for 3 minutes at 230 °C under a nitrogen atmosphere followed by lowering the temperature to 0 °C at the rate of 10
°C /minutes, followed by holding at 0 °C for 3 minutes, and followed by raising the temperature at the rate of 10 °C /min-
utes.

[0262] While an inventive propylene homopolymer may have or may not have a melting point (Tm) and a crystalli-
zation temperature (Tc¢), it is preferred for the purpose of the softness that such values do not exist or do exist only as
low values, with a Tm not higher than 100 °C being preferred. The values of Tm and Tc are determined similarty as in
the first invention.

[0263} While during an ordinary propylene polymerization process a 1 ,2 insertion polymerization, which means that
a carbon atom of a propylene monomer on the side of a methylene undergoes a binding with an active center of a cat-
alyst followed by a successive coordination of the propylene monomers in the same manner whereby effecting the
polymerization, takes place generally, a 2,1 insertion or a 1,3 insertion may also take place at a less incidence (some-
times referred to as abnormal insertion). In a homopolymer according to the invention, it is preferable that the incidence
of such 2,1 or 1,3 insertion is low. It is also preferable that these insertion rates satisfy the relationship represented by
the following formula (1):
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[(M-2,1)+(r-2,1)+(1,3))$5.0 - (1

wherein (m- 2 1) is a % meso-2,1 insertion content determined by 13C-NMR, (r-2,1) is a % racemi-2,1 insertion content
determined by 13C-NMR, and (1,3) is a % 1,3 insertion content determined by 13C-NMR, and, more preferably, they sat-
isty the relatlonshlp represented by the following formula (2):

(M2, 42,1 +(1,3)]€1.0 @
[0264] it is particularly preferred that they satisfy the relationship represented by the following formula (3):
[(m-2,1)+(r-2,1)+(1,3)]<0.1 . (3). -

[0265) When the relationship represented by Formula (1) is not satisfied, the crystallinity is reduced far more than
expected, and a stickiness may arise. .
[0266] ' A propylene homopolymer of the invention-preferably exhibits substantially no peaks in a 13C_NMR spec-
trum which are assigned to a molecular chain terminal (n-buty! group) as a result of a 2,1 insertion. With regard to this
molecular chain terminal as a resuit of a 2,1 insertion, each % insertion content is calculated from the integrated inten- .
sity of each peak after assignment of the peak in the 13C.NMR spectrum in accordance with the report by dungling et
al (J. Polym.Sci.:Part A: Polym.Chem., 33, p1305(1995)).

[0267] In addition to the requirements described above, a % boiling diethyiether extract, which is an index for the
modulus, of 5 % by weight or higher allows a propylene homopolymer in the invention to be further preferred. A % bovl-
ing diethylether extract can be determined by the method similar to that described in the first invention.

[0268] In addition to the requirements described above, a tensile elastic modulus of 100 MPa or less, more prefer-
ably 70 MPa or less is associated with an inventive propylene homopolymer. '

[0269] A propylenic copolymer in this invention is a copolymer of propylene and ethylene and/or-an a-olefin having
4 to 20 carbon atoms which satisfies the following requirements (1) to (2):

(1) the stereoregularity index (P) determined by a BC.NMR ranges from 55 to 90 % by mole;and,
(2) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising chro-
matography ranges from 20 to 100 % by weight.

[0270) By satisfying the requirements described above, an inventive propylenic copolymer provides a molded arti-
cle éxhibiting well-balanced amount of the stickiness-imparting components, low modulus and transparency. Thus, it
exhibits a low modulus and an excellent softness (referred to as pliability), contains a reduced amount of a stickiness-
imparting component and has an excellent surface characteristics (for example those experienced as a less bleeding
and a less migration of a stickiness-imparting component into other products), and is also associated with an advanta-
geously excellent transparency. A stereoregularity index (P) in the invention is a value obtained by determining a 13c.
NMR spectrum and then calculating a % meso-triad (mm) of a propylene chain similarly as in the first invention. An
increase in this value is associated with a higher stereoregularity. A propylenic copolymer according to the invention
preferably has a stereoregularity index (P) of 65 to B0 % by mole. A stereoregularity index (P) less than 55 % by weight
results in a too reduced modulus, which may lead to a poor molding performance. At 90 % by mole or higher, a softness
is lost. It is further preferred that the W25 is 30 to 100 % by weight, with 50 to 100 % by weight being particularly pre-
ferred. A W25 less than 20 % by weight results in a loss of pliability. The meanings and the determination method of a
W25 are as described above.

[0271] A propylenic copolymer according to the invention is preferred when it satisfies, in addition to the require-
ments described above, that the molecular weight distribution (Mw/Mn) determined by a gel permeation chromatogra-
phy (GPC) Is 4 or less and/or the intrinsic viscosity [n] determined in a tetralin solvent at 135°C ranges from 0.5 to 15.0
dvg, with an (Mw/Mn) of 3.5 or less and/or a [n] of 1.0 to 5.0 dV/g being more preferred and an (Mw/Mn) of 3 or less
and/or a [n}] of 1.0 to 3.0 dl/g being particularly preferred. A molecular weight distribution (Mw/Mn) exceeding 4 may
cause a stickiness. An intrinsic viscosity [n)] less than 0.5 dl/g may also cause a stickiness, and one exceeding 15.0 dl/g
results in a reduced flowability which may fead to a poor molding performance. The determination method of this
Mw/Mn is as described above.

[0272] In addition to the requirements described above, a fusion endothermic calorie AH determined by DSC of 20
J/gr. or less allows an inventive propylenic copolymer to be more pliable and thus be more preferred. While a melting
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point {Tm) and a crystallization temperature (Tc) may exist or may not, it is preferred for the purpose of the softness that
such values do not exist or do exist only as low values, with 2 Tm not hlgher than 100 °C being preferred. AH, Tm and
Tc are obtained as described above. :

[0273] In addition to the requirements described above, a % boiling dlethylether extract, which is an index for the
modulus, of 5 % by weight or higher altows a propylenic copolymer in the invention to be further preferred. The bomng
diethylether extract is determined as described above.

[0274] in addition, the tensile elastic modulus is preferably 100 MPa ot less, more preferably 70 MPa or less.
[0275] In conjunction with a propylenic copolymer according to the invention, an a-olefin having 4 to 20 carbon
atoms may for example be ethylene 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-
dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene,’ 1-eicocene and the like, and, in the invention, these may be
employed alone or in combination with each other.

{0276} A propylenic copolymer according to the invention is preferably a random copolymer. The structural unit
derived from propylene exists preferably at a level of 90 °/? by mole or higher, more preferably 95 % by mole or higher.

(2) Propylenic résin composition

[0277] A propylemc resin composition in this invention consists of 1 to 99 % by weight of a propylenic polymer [I}

and 99 to 1 % by weight of a polyolefin [Il] in which said propylemc polymer [I] satisfies the following requ:rements 1)
to (3): ’ : .
" (1) the amount of the components which are dissolved out at 26 °C or Iower (W25) ina temperature raising chro-
matography ranges from 20 to 100 % by weight; ~

(2) the amount of the components which are dissolved out into hexane at 25 °C (H25) ranges from 0to 8O % by

weight; and,

(3) no melting point (Tm(°C)) is observed in DSC or, when any Tm is observed then the Tm and the fusion endo-
thermic calorie AH(J/gr.) are in the relationship represented by the following formula:

.AH26 x (Tm-140).

[0278] A propylenic polymer [] in this invention is discussed first. By satisfying the requirements described above,
an inventive propylenic polymer [|] provides a molded article exhibiting well-balanced amount of the stickiness-impart-
ing components, low modulus and transparency. Thus, it exhibits a low modulus and an excellent softness (referred to
as pliability), contains a reduced amount of a stickiness-imparting component and has an excellent surface character-
istics (for example those experienced as a less bleeding and a less migration of a stickiness-imparting component into
other products), and is also associated with an advantageously excellent transparency.

[0279] The requirements described above are discussed below. A propylenic polymer in this invention has an
amount of the components which are dissolved out.at 25 °C or lower (W256) in a temperature-raising chromatography
which ranges from 20 to' 100 % by weight. Such amount is preferably 30 to 100 % by weight, more preferably 50 to 100
% by weight. In this invention, a value of W25 less than 20 % by weight results in a disadvantageous loss of pliability.
The meanings and the determination method of a W25 are as described above. Also in a propylenic polymer in this
invention, the amount of the components which are dissolved out into hexane at 25 °C (H25) ranges from 0 to 80 % by
weight. Preferably, it is 0 to 50 % by weight, particularly O to 25 % by weight. H25 can be understood as described in
the second invention. With a level of H25 exceeding 80 % by weight, a stickiness-imparting component exists in a large
amount, which may cause problematic blocking and transparency characteristics, because of which the use in a food
or medical product is not acceptable.

[0280] Also in an inventive propylenic polymer, no melting point (Tm(°C)) is observed in DSC or, when any Tm is
observed then the Tm and the fusion endothermic calorie AH(J/gr.) are in the relationship represented by the following
formula:

AH26 x (Tm-140);
preferably by the following formula:
AH>3 x (Tm-120);
and, particularly by the following formula:

AH22 x (Tm-100).
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[02'8"11 Tm and AH can also be understood simitarly as in the second invenﬁon.
[0282] A propylenic polymer [1] in this invention is not particularly limited, provided that it can satisfy the require-
ments described above, and may for example be a propylene homopolymer or a propylenic copolymer. Specifically, a .

propylenic polymer [I] in this invention described above can more preferably be embodied by a propylene homopolymer
(a) or a propylene copolymer (a') described below. :

. [0283] " A polyolefin {Il] in this invention Is discussed further later.

(3) Propylenic resin composition

[0284] A propylenic resin composition in this invention consists of 1 to 99 % by weight of a propylene homopolymer .
(a) and 99 to 1 % by weight of a polyolefin [iI] in which said propylene homopolymer (a) satisfies the following require-
ments (1) to (3):

(1) the meso-péntad fraction (mmmm (in percentage terms by mole)) ranges from 20 to 60 % by mole; R
(2) the racemi-pentad fraction (rrrr) and (1-mmmm) are in the relationship represented by the following formula:
il .

[rrer/(1 -mmmm)]<0.1
wherein the racemi-pentad fraction (rrrr) and the meso-pentad fraction (mmmm) are not in percentage terms; and,
(3) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising chro-

matography ranges from 20 to 100 % by weight.

[0285] A propylene homopolymer (a) in this invention is understood as described above.
[0286] A polyolefin [11] in this invention is discussed further later.

. (4) Propylenic resin composition

[0287] A propylenic resin composition in this invention consists of 1 to 99 % by weight of a propylenic copolymer
(a") and 99 to 1 % by weight of a polyolefln (] in which said propylenic copolymer (a) satisfies the following require-
ments (1) to (2):

(1) the stereoregularity index (P) determined by a 13C-NMR ranges from 55 to 80 % by mole; and,
(2) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising chro-
matography ranges from 20 to 100 % by weight.

[0288] A propylenic copolymer (a') in this invention is understood as described above.
{0289]) A polyolefin [I1} in this invention is discussed further later.

[0290] A propylene homopolymer (a) and a propylenic copolymer (2') in the sectlons (2) to (4) described above may
for example be produced by the following method.

[Method for producing propylene homopolymer (a) and propylenic copolymer (é‘)]

[0291] A method for producing a propylene homopolymer (a) and a propylenic copolymer (a') according to the .
invention may be a method in which a catalyst system called a metallocene catalyst is used to homopolymerize propyl-
ene or to copolymerize propylene and ethylene and/or an a-olefin having 4 to 20 carbon atomns. A metallocene catalyst
may for example be those described in the second invention. In the invention, among metallocene catalysts, one
derived from a transition metal compound whose ligand forms a crosslinking structure via a crosslinking group is pre-
ferred, and a particularly preferred method involves a multi-step polymerization process comprising at least a step in
which propylene is homopolymerized, or propylene and ethylene and/or an a-olefin having 4 to 20 carbon atoms are
copolymerized in the presence of a metallocene catalyst obtaind by combining a transition metal compound whose
crosslinking structure is formed via 2 crosslinking groups with a promoter.

[0292] Typically, a catalyst consists of the following components.

(A) a transition metal compound
(B) a component (B-1) which is a compound capable of forming an ionic complex by reacting with a transition metal

compound as a component (A) and a component (B-2) which is an aluminoxane.

[0293] In addition to a component (A) and a component (B), an organic aluminium compound can be used as a-
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. component (C).

[0294] Components (A), (B) and (C) are similar to those described in the first invention, and each of components
(B) and (C) may be used alone or in combination of two or more. The amount of each component to be used is also
similar to that employed in the first invention.

[0295] In a production method according to the invention, componerits (A), (B) and (C) may be subjected to a pre-
liminary contact. Such preliminary contact may be performed in a manner similar to that described in the first invention.
[0296] In the present invention, at least one of the catalyst components may be employed as being supported on a
suitable carrier. A carrier employed is similar to that in the first invention. A method for allowing at least one of the cat-
alyst components to be supported on a carrier is also snmnlar to that in the first invention.

[0297] In the present invention, a catalyst may be prepared by irradiating a dynamic wave upon contact between
components (A), (B) and (C). Such elastic wave is usually a sound wave, preferably an ultrasonic wave. Typically, an
ultrasonic wave at a frequency of .1 to 1000 kHz, preferably 10 to 500 kHz may be exemplified.

[0298] A catalyst thus obtained may be used in a polymerization after belng |solated as a solid by distilling a solvent
off, or alternatively it may be subjected directly to a polymerization: .

[0299] As is discussed already in the second invention, a catalyst may be produced by allowing at least one of a
component (A) and a cbmponent (B) to be supported on a carrier within the system of polymerization.

[0300] Also in this invention, as is discussed already in the first invention, a catalyst may be produced by allowing
at least one of a component (A) and a component (B) to be supported on a carrier within the system of polymerization.
[0301] The ratio of each component to a carrier is also the same to that employed in the first invention. The polym-
erization catalyst of the invention thus prepared usually has a mean particle size of 2 to 200 um, preferably 10 to 150
um, pamcularly 20to 100 um, and a specific surface area usually of 20 to 1000 m2/g, preferably 50 to 500 m2/g Inan -
inventive catalyst, the amount of a transition metal in 100 g of a carrier is usually 0.05 to 10 g, preferably 0.1 to 2 g. An
amount of a transition metal departing from the range described above may result in a reduced activity. '

[0302) A propylenic polymer employed in this invention can be produced ysing a polymerization catalyst described
above by homopotymerizing a propylene or by copolymerizing propylene and ethylene and/or an a-olefin having 4 to 20
carbon atoms.

fo303] In such procedure, a polymerization method is not particularly limited and may be a slurry polymerization, a
vapor phase polymerization, a bulk polymerization, a solution polymerization, a suspension polymerization and the like,
and those particularly preferred are a slurry polymerization and a vapor phase polymerization.

[0304] A polymerization condition involves a polymerization temperature usually of -100 to 250 °C, preferably -50
to 200 °C, more preferably 0 to 130 °C. The ratio of a catalyst to a reactant, represented as starting monomer/compo-
nent (A) (molar ratio), is preferably 1 to 1 08, particularly 100 to 1 0. A polymerization time usually of § minutes to 10
hours, and a reaction pressure preferably of atmospheric pressure to 200 kg/cm?, particularly atmospheric pressure to
100 kg/cm are employed.

[0305] The molecular weight of a polymer may be adjusted by appropriately selecting the type and the amount of
each catalyst component and the polymerization temperature, or by performing the polymerization in the presence of
hydrogen.

[0306] When a polymerization solvent is employed, the types of the solvents may be similar to those in the first
invention. A monomer such as an a-olefin may also be employed as a solvent. Some polymerization methods need no

- use of solvents.

{0307] Upon polymerization, a polymerization catalyst described above may be used to perform a preliminary
potymerization. Such preliminary polymerization may be similar to that in the first invention.

[0308] On the other hand, a polyolefin [iI] in the sections (2) to (4) described above is one which is detailed below.
[0309] A potlyolefin [li] in this invention is not particularty limited, and may be a homopolymer of an olefin or a copol-
ymer of two or more olefins as well as mixtures thereof. A component [li] is preferably a propylenic polymer (b) having
a crystallization temperature (Tc{°C)) in which Tc20 °C, and/or an olefin polymer (b) having a glass transition temper-
ature (Tg(°C)) in which Tg<-10 °C.

({b) Propylenic potymer

[0310] A propylenic polymer (b) having a crystallization temperature (Tc(°C)) in which Tc20 °C may for example be
a general-purpose polypropylene. Such general purpose polypropylene may for example be a propylene homopolymer
(1) and a propylenic copolymer (2).

(1) Propylene homopolymer

[0311]) As a propylene homopolymer, a high stereoregular isotactic polypropylene is preferred. Typically, one having
a % isotactic pentad, which is an index for a stereoregularity, of 85 % by mole or higher, more preferably S0 % by mole
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or higher, and particularty 85 % mole or higher. In this context, a % isotactic pentad is a % isotactic moiety in a tnad unit
deteérmined by '3C:NMR, and is a value obtained as a ratio of the signa! intensity of 21.7 to 22.5 ppm to the total signal
mtensxty of 19 8 to 22.5 ppm. 3C-NMR is determined as described above.

(2) Propylenic copolymer

[0312] . A propylenic copolymer may for example be a random polypropylene or a block polypropylene obtained by
copolymernzmg propylene and ethylene or an a-olefin having 4 to 20 carbon atoms. An a-olefin having 4 to 20 carbon
atoms may for example be an a-olefin which is straight, branched, or substituted with an aromatic ring. Those exempli-
fied typically are a straight monoolefin such as 1-hexene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene and
the like, a branched monoolefin such as 3-methylbutene-1, 3-methylpentene-1, 4-methylpentene-1, 2-ethylhexene-1,
2,2,4-trimiethylpentene-1 and the like, and a monoolefin substituted with an aromatic ring such as styrene. Each a-olefin’
may-be employed alone or in combination with two or more. ' i
[0313] A propylenic copolymer preferably has a high stereoregularity of a propylene chain moiety. A stereoregular-
ity index of the propylene chain moiety of 90 % or higher is more preferred. A higher crystallinity in spite of a low melting
point is further preferred. These characteristics are associated for example with a propyienic polymer whose crystalli-
zation temperature Tc is elevated as a result of the addition of a nucleating agent.

[0314] Examples of a propylenic copolymer are an ethylene/propylene copolymer, an ethylene/1-butyne/propylene
copolymer, 1-butene/propylene copolymer and the like.

[0315] Ethylene/propylene copolymers which are employed preferably are those described in JP- A 10-130336 and
UP-A-10-142431. Thus, a preferable ethylene/propylene copolymer satisfies the following requirements [1] to [6):

[1] The ethylene unit content (x(wt%)) in a copolymer is 0.2 to 15 wt %;
[2] The melt index (M! (9/10 min) of a copolymer is 0.1 to 15 g/10 min; . )
[3] The boiling diethylether extract (Ext (wt %)) and x are in the relationship represented the formula (1) or (2):

Ext<0.2y+1.0 (0.2<x<5) - M
Ext<2.0 - (5<y<15) Co@y

(4] The metting point (Tm(°C)) determined by a differential scanning calorimeter and y are in the relationship rep-
resented by the formula (3) or (4):

Tm<140 (0.2<x4) ' _ m
Tm<160-5x . (4€x<15) ' (4);

- [5] The % isotactic triad (mm (mol %)) of a PPP chain moiety determined by 13C-NMR is 90 % by mole or higher;
and,

[6] The % PEP chain moiety (R(mol %)) determined by 13G.NMR and y, are in the relationship represented by the
formula (5):

R=0.5y+1 v+ (5).

[0316]) The meanings and the method for determination of each variant are in accordance with the descriptions of
the publications listed above.

[0317] An ethylene/1-butene/propylene copolymer which is employed preferably is one descrlbed in JP-A-11-
60639. Thus, it is a copolymer of propylene, ethylene and 1-butene and is a propylenic random copotymer which satis-
fies the following requirements {1] to [6]:

[1] The ethylene unit content in a copolymer ( mol %) and the 1-butene unit content (B mol %) are in the relation-
ship represented by the formula (1):

42a+B<15 )
[2] The melt index of a copolymer (Ml (g/10 min) is 1 to 12 g/10 min;

(3] The boiling diethylether extract (E) and (a+8) are in the relationship represented by the formula (2) when (a+8)
<12 and by the formula (3) when (a+B) >12:
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E<0.2(a+B}+0.6 R )
E<3.0 Co : @

{4} The melting poin't (Tm(°C)) determined by a differential scanniné calorimeter and (a+B) are in the relationship
represented by the formula (4): '

Tm<164-3.6(a+B) - (4)

[5) The stereoregularity index P (mol %) determinéd by '3C-NMR is 98 % by mole or higher; and,
[6] The ratio (Mw/Mn) of the weight mean molecular weight (Mw) to the number mean molecular weight (Mn) deter-
mined by a gel permeation chromatography (GPC) is 6 or less. '

[0318] A method for producing a propylene homopolymer (1) ora propylenic copolymer (2) described above is not
particularly limited, and various olefin polymerization catalyst may be employed in the production. For example, a highly
active Ziegler-Natta catalyst comprising a catalyst component obtained by bringing a carrier such as a magnesium
compound and-a compound of a transition metal of Group IV in the periodic table into contact in the presence or
absence of an electron donor and an organic aluminiim compound (JP-A-53-43094, JP-A-65-135102, JP-A-55-
135103, JP-A-56-18606 and the like), or a catalyst called a metallocene catalygt (JP-A-58-19309, JP-A-2-167307 and
the like) may be employed. . : : ' '

[0319] . A highly active Ziegler-Natta catalyst may for example be a catalyst obtained by bringing the following com--

ponents:
(A) a solid titanium catalyst comprising: '

a. titanium;
b. magnesium; and,
¢. an electron donor;

and,

(B) an organic aluminium compound,

optionally together with (C) an organic silane compound into contact. Alternatively, a catalyst obtained by subject-
ing the catalyst described above to a preliminary polymerization with olefins followed by bringing into contact with
an organic aluminium compound optionally together with (C) an organic silane compound may be exemplified.

[0320] A metallocene catalyst which may be exemplified as a preferred example is a metallocene catalyst disclosed
in JP-A-10-260376. Thus, an olefin polymerization catalyst obtained by bringing at least an aluminoxane into contact
with a compound of a transition metal of Groups IV to VI in the periodic table optionally with an organic aluminium com-
pound may be exemplifiéd. In addition, an olefin polymerization catalyst may for example be an olefin polymerization
catalyst in which at least one of the catalyst component is supported on a carrier. A compound of a transition metal of
Groups IV to Vi in the periodic table is preferably one represented by any of the following formulae (1) to (3):

1 6 17 2,3 3
Q'alCsHgapR T CsHsacR ' IMX7 Y7 1))
2 18 1,,2,3 3
Q%a(CgHgaqR " 9)Z ' M?X7 Y7 @
. M2X*, )

Wherein Q' denotes a binding group which crosslinks two conjugate 5-membered ring ligands (CsHs a.pR %) and
(CsHs.a.cR'7c), Q2 denotes a binding group which crosslinks a conjugate 5-membered ring ligand (CsHs a.gR"8g) and
2" group; each of R'®, R'7 and R'® is a hydrocarbon group, a halogen atom, an atkoxy group, a silicon-containing
hydrocarbon group, a phosphorus-containing hydrocarbon group, a nitrogen-containing hydrocarbon group or a boron-
containing hydrocarbon group, and a is 0, 1 or 2; each of b, ¢ and d is an integer of O to 5 when a=0, an integer of 0 to
4 when a=1, and an integer of 0 to 3 when a=2; p+q= the valency of M2 -2, r=the valency of Mz; M2 denotes a transition
metal of Groups IV to VI in the periodic table; each of X3, Y3 and 2" denotes a covalent-binding or ionic-binding ligand,
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X4 is a covalent-binding ligand; or, X3 and Y3 may be taken together to form a cyclic structure.
(b") Olefin polymer ,

[0321] An olefin polymer (b') having a glass transition temperature (Tg(°C)) in which Tg<-10 °C in a polyolefin {H}’

- may for example be an ethylenic polymer. Such ethylenic polymer is not particularly limited provided that it contains at

least an ethylene component. Such ethylenic polymer may for example be a high density polyethylene, a low density
polyethylene, a linear low density polyethylene, an ethylene-c-olefin copolymer and the like.
[0322] A preferred ethylene-a-olefin copolymer satisfies the following requirements (1) to (3).

(1) a-Olefin

[0323] An a-olefin employed in an ethylene-a-olefin copolymer may for example be a straight, branched or aromatic’

. fing-substituted oc-olefin having 3 to 18, preferably 6 to 18, particularly 6 to 18 carbon atoms. A number of carbon atoms

less than.6 results in a reduced tensile elongation at break, which may leads to an elevated brittleness temperature. An
a-olefin r‘mving 3 to 18 carbon atoms may typically be a straight monoolefin such as propylene, 1-butene, 1-hexene, 1-
octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene and the like, a branched monoolefin such as 3-methylbutene-1,
3-methylpentene-1, 4-methylpentene-1, 2-ethylhexene-1, 2,2,2-trimethylpentene-1 and the like, as well as a monoolefin:

substituted with an aromatic ring such as styrene. Each a-olefin may be employed alone or in combination‘with two or
more. ' :

(2) a-Olefin content )

{0324) The a-olefin content in an ethylene-a-olefin copolymer is 10 to 60 % by weight, preferably 20 to 50 % by
weight. A content less than 10 % by weight may result in a reduced impact strength. A content exceeding 60 % by
weight may resutlt in a reduced rigidity of a resin composition. : ' )

(3) Characteristics of ethylene-c-olefin copolymer

1) Melt index (MI)

[0325] The melt index of an ethylene-a-olefin copolymer employed in this invention is 0.05 to 150 g/10 min, prefer-
ably 0.1 to 100 g/10 minutes, more preferably 1 to 70 g/10 minutes. A melt index less than 150 g/10 minutes may result

in a reduced impact strength. A measurement was in accordance with JIS-K-7210 (determined with a load of 2160 g at
190 °C). .

2) Maximum melting point (Tm(°C))

[0326] The maximum melting point (Tm(°C)) of an ethylene-a-olefin copolymer émployed in this invention is 90 °C
or lower, preferably 85 °C or lower, more preferably 80 °C or lower. A Tm exceeding 90 °C may result in a reduced
impact strength. A measurement was conducted as follows. About 10 mg of a sample was heated for 3 minutes at 190
°C using a differential scanning calorimeter (DSC-7: Perkin-Elmer) and then cooled slowly at 10 °C/min to 25 °C to
effect crystallization, and the sample temperature was raised from 25 °C to 160 °C at the raising rate of 10 °C/min to -

obtain a fusing curve. The highest temperature of the peak obtained in this procedure was regarded as the maximum
melting point. .

3) Weight mean molecular weight/number mean melecular weight (Mw/Mn)

[0327] The weight mean molecular weight/number mean molecular weight (Mw/Mn) of an ethylene-a-olefin copol-
ymer is 3.0 or less, preferably 2.5 or less. A value exceeding 3.0 results in a reduced tensile elongation at break. A
measurement was conducted as follows. A solution of 10 mg of sample in 20 mi of 1,2,4-trichlorobenzene was supple-
mented with an antioxidant 2,6-di-t-butyl-p-cresol (commonly referred to as BHT) at 0.1 w/v % and heated at 150 °C in
a conical flask and then stirred for 1 hour to effect dissolution. This solution was subjected to a gel permeation chroma-
tography using a device manutfactured by Waters (model: 150C-ALC/GPC) and the weight mean molecular weight (Mw)
and the number mean molecular weight (Mn) were calculated as being converted to the values of a standard polysty-
rene having a known molecular weight (Mono-distributed polystyrene manufactured by TOSO), whereby obtaining the
value of Mw/Mn of the sample. The column TOSO GMH6E-HT was used with the sample injection volume of 400 ul at
the fiow rate of 1.0 ml/min at 135 °C. ’
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[0328] A method for producing an ethylene-a-olefin copolymer is not par'tichlarly limited, and various olefin polym-
erization catalysts may be employed in the production. For example, an olefin polymerization catalyst disclosed in JP-
A-9-87479 can be employed. ' . S

[0329] . While an inventive propylenic resin composiiton [l] is embodied more typically by a resin composition in
which a propylene homopolymer (a) and/or a propylenic copolymer (a') described above is combined with a polyolefin
[I!] described above at a weight ratio of 1:99 to 99:1, an inventive propylenic resin composition {I] may be supplemented
with a nucleating agent. Such nucleating agent may typically be any of those described in the first invention.

[0330] In this invention, the use of an inorganic microparticle such as talc as described above as a nucleating agent
results in an excellent slipperiness of a molded film and brovides an improvement in the characteristics such as printa-
bility. o .

[0331] An inventive propylenic resin may be mixed with a nucieating agent and various desirable additives by
means of a dry-blending using a mixer such as Henschel, mixer. Alternatively, a kneading may be effected using a sin-
gle- or twin-screw extruder, Banbury mixer and the like. When a high melting polymer is used as a nucleating agent, the
high melting polymer may be added to a reactor simuttaneously or sequentially during the production of a propylenic
polymer. Additives employed if necessary are antioxidant, neutralizing agent, slipperiness-imparting agent, anti-block-
ing agent, anti-frosting agent and antistatic agent and the like, ) ’
[0332] The amount of a nucleating agent added in the invention is 10 ppm or higher, preferably 10 to 10000 ppm,
more preferably 10 to 5000 ppm, particularly 10 to 2500 p'pm, based on a propyienic resin. An amount less than 10 ppm
provides no improvement in the moldability, while an amount exceeding 10000 ppm fails to exhibit corresponding
increase in the effeﬁ:t. )

[2] Method fbr producing propylenic resin composition- -

[0333] A method for producing an inventive propylenic resin compositiop {1] is typically a blending of a propylene
homopolymer (a) and/or a propylenic copolymer (a') with a polyolefin [il] described above. A procedure for blending may
for example be a powder blending method using a kneader. A kneader may be Banbury mixer and a twin-screw kneader
and the like. A reactor blending method in which a blending is effected in a polymerization reaction vessel may also be
employed. Preferably, a reactor blending method capable of blending each component sufficiently is employed.

{0334] A reactor blending method may be a multi-step polymerization in which two or more polymerization steps
are employed or a polymerization method in which a co-catalyst comprising two or more transition metal compounds is
employed (also referred to as a multi-stage polymerization). Such multi-step polymerization may for example be a
polymerization method comprising at least a step for producing a propylenic resin [1] described above, i.e., a polymer-
ization step employing at least a low stereoregular metallocene catalyst. A low stereoregular metailocene catalyst
means a metallocene catalyst which provides a component (a) or (a') described above. Representatives are the cata-
lysts exemplified as the catalysts for producing a component (a) or (&') described above. A multi-step polymerization
may for example be a muilti-step sequential polymerization employing a high activity-supporting Ziegler-Natta catalyst
and a low stereoregular metallocene catalyst or a multi-step sequential polymerization employing a high stereoregular
metallocene catalyst and a low stereoregular metailocene catalyst. A preferred high activity-supporting Ziegler-Natta
catalyst is a high activity-supporting Ziegler-Natta catalyst capable of providing a polypropylene having a meso-pentad
fraction (mmmm) exceeding 60 % by mole, and those listed above are exemplified typically. A high stereoregular met-
allocene catalyst means a metallocene catalyst capable of providing a polypropylene having a meso-pentad fraction
(mmmm) exceeding 60 % by mole. Examples of a high stereoregular metallocene catalyst are, as listed above, those
described in JP-A-58-19309, JP-A-61-130314, JP-A-3-163088, JP-A-4-300887, JP-A-4-211694, JP-W-1-502036 and
the like, such as a catalyst derived from a transition metal compound having, as its one or two ligands, cyclopentadienyi
group, substituted cyclopentadieny! group, indenyl group, substituted indenyl group and the like or and a transition
metal compound in which said ligands are controlled geometrically in combination with a promoter.

[0335]) A polymerization method employing a co-catalyst may for example be a polymerization method employing
a co-catalyst at least one component of which consists of a low stereoregular metallocene catalyst. One which-can be
exemplified is a polymerization method employing a co-catalyst comprising a high stereoregular metatiocene catalyst
and a low stereoregular metallocene catalyst. A co-catalyst may be supported on a carrier. One which can be exempli-
fied is a polymerization method employing a co-supported-catalyst obtained by allowing a high stereoregutar metal-
locene catalyst and a low stereoregular metallocene catalyst to be supported on a carrier. A-low stereoregular
metallocene catalyst may be a metallocene catalyst which provides a component (a) or (a') described above.

[0336] Among those described above, a polymerization method employing a co-catalyst is preferred as an inventive
production method, and a polymerization method employing a co-supported-catalyst is particularly preferred.

51



10

5

45

EP 1 095 951 A1

[3] Molded article -

[0337] A molded article in this invention is a molded article obtained by molding a propylenic resin composiiton m
described above. An inventive molded article has a softness (also referred to as pliability)

[0338] And is characterized by a less stickiness in spite of its high softness, and is excellent also in terms of heat
resistance. An inventive molded article is pliable and has a high % elasticity recovery (ability of recovery after being
stretched), and is excellent also in terms of low temperature impact resistance, with such characteristics being well-bal-
anced.

[0339] A molded article in this invention may for example be films, sheets, fibers, containers, automobile interior
parts, housings of home electric devices. Films may for example be films for food product packagings and films for agri-
cultural uses (such as for green houses). Containers may for example be cases, boxes, decorated boxes and the like.
[0340] - A propylenic resin composition according to the invention is suitable to an extrusion molded article, particu-
larly as a film and a sheet. Such film and sheet may be laminated. Since an inventive propylenic resin compaosition is

.characterized also by its broad composition distribution which allows the moiding temperature range upon orientation

to be wider and the moldability to be improved, it is applied preferably aiso to an oriented film and a fiber and the like.

[0341] ' A method for molding into an article may for example be an injection molding, compression molding, injec-

tion stamping, gas-assisted injection molding, extrusion molding, blow molding, calendering and the like. A molding
method employing an inventive propylenic resin composition gives a broader composition distribution which leads to an
improved moldability, and also provides a higher crystallization rate when employing a blending of a highly crystalline
tesin (resin having a higher Tc), resulting in an improved molding cycle. Also in a calendering, a broader composition
distribution allows the viscosity to be less dependent on the temperature, resulting in an improved moldability.

[0342] The molding conditions may-not particularly be limited, provided that a temperature capable of allowing a
resin to be molten and to flow is employed, and a usual case involves a resin temperature of 50 °C to 300 °C and a mold
temperature of 60 °C or lower.

[0343] . When afilm is formed as a molded article in this invention, a method which may be employed includes ordi-
nary compression molding, extrusion molding, blow molding, cast molding and the like. The film obtained may be ori-
ented or may not be oriented. When oriented, it is preferred to be biaxially oriented. The biaxially orienting conditions
involve the parameters described below.

[1] Sheet molding conditions

{0344]

Resin temperature of 50 to 200 °C, chill roll temperature of 50 °C or Iowe|;
[2] Lengthwise orienting conditions
[0545]

Orienting magnitude of 3 to 7>times, orienting temperature of 50 to 100 °C
[3] Widthwise orienting conditions
[0346]

Orienting magnitude of 6 to 12 times, orienting temperature of 50 to 100 °C

[0347] A film may be surface-treated if necessary to enhance its surface energy or to impart the surface with a
polarity. For example, corona discharge treatment, chromic acid treatment, flame treatment, hot gas treatment, ozone-
or UV irradiation treatment may for example be employed. The surface may be embossed by, for example, sand-blast
method or solvent treatment.

[o348] To a film, a customary additives such as antioxidant, neutralizing agent, slipperiness- |mpart|ng agent, anti-
blocking agent, anti-frosting agent, antistatic agent and the like may be incorporated as desired.

{0349] A fitm further containing an inorganic microparticle such as talc exhibits an excellent slipperiness, which
leads to an improvement in secondary processing performances such as bag making or printing performance, due to
which it is suitable as a general-purpose packaging film subjected to a high speed machine including various automatic
filing-packaging laminators. ’

[0350] A tilm produced by molding a propylenic resin composition containing a dibenzylidene sorbitol or its deriva-
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. tive as a nucleating agent has a particutarly excellent transparency which IS hlghly display-oriented, and which makes

it suitable as a package film of a toy or a stationery.

[0351] A film produced by molding a propylenic resin composition' containing an amide compound as a nucleating
agent has a particularly: excellent rigidity and exhibits a less problematic’ wnnkhng when being wound during a high
speed bag making, due to which it is suitable as a general-purpose packagmg film subjected to a high speed bag mak-
ing machine.

[V] Fifth invention

[0352] The fifth invention consisting of a propylenic resin composmon [1] and a film and a sheet made therefrom
are detailed below.

1] Propylenic resin composition
[0353] An inventive propylenic resin composition [1] consists substantially of a propylene homopolymer and/or a
propylenic copolymer, and a resin composition having a peak top temperature (Tc(°C)) on the side of the maximum tem-
perature on a crystallization curve and a differential ca|oriq (AHmM(J/g)) on afusion curve, as determined by a differential
scanning calorimeter (DSC), which are in the relationship represented by the following formula:

Tc2(1/4)+AHM +90 . - . - B (-1

and having a frequency (w(rad/sec)) at which the storage modulus (G'(Pa)) and the loss elasticity (G"(Pa)) based on the
frequency distribution determination of the metlt viscoelasticity become equal to each other and a AHm, which are in the
relationship represented by the following formula: w<(1/10) * AHm + 15 (2-1).

[0354] By satisfying the requirements described above, an inventive propylenlc resin composition prowdes a film or
sheet whose pliability and transparency are excellent and whose heat seal strength is improved substantially. For exam-
ple, a film having a tensile elastic modulus of 10600 MPa or less, a haze of 5 % or less and a heat seal strength of 1000
gf/15 mm or higher can be obtained. Especially with regard to the heat seal strength, a film having a far more excellent
heat seal strength even at a high sealing temperature, e.g. at 160 °C or higher, can advantageously be obtained.
Another advantageous properties are a higher heat seal temperature and a higher heat resistance when compared with
those possessed by other propylenic resin composition having a comparable pliability.

[0355] In addition 1o a sheet or film, a laminated film or sheet formed by lamination or co-extrusion may preferably
employ an inventive propylenic resin composition as at least one layer component thereof.

[0356] When the requirement (1-1) described above is not satisfied, the pliability of a resultant film or sheet is
reduced, and the transparency is also reduced. When the requirement (2-1) described above is not satisfied, a resuitant
film or sheet fails to exhibit an improved heat seal strength or excellent transparency, although it has a certam pliability.
[0357] As a propylemc resin composition in this invention, a resin composition satistying:

Tc>(1/4) » AHmM + 92° (1-2);
and,
®<(1/10) - AHM + 13 (2-2),

is more preferred since it provides a film or sheet having excellent pliability and transparency as well as an improved
seal strength.

[0358) A peak top temperature (Tc(°C)) on the side of the maximum temperature on a crystallization curve and a
differential calorie (AHmM(J/g)) on a fusion curve as determined by a differential scanning calorimeter (DSC) in this inven-
tion are determined as described in the fourth invention. A frequency (w(rad/sec)) at which the storage modulus (G'(Pa))
and the loss elasticity (G"(Pa)) based on the frequency distribution determination of the melt viscoelasticity become
equal to each other is determined by the procedure described below. Thus, a rotary rheometer manufactured by RHE-
OMETRIX is used together with a cone plate (25 mm in diameter, 0.10 radian in cone angle) at the temperature of 175
°C with the initial strain of 20 % to perform the frequency distribution determination of the melt viscosity, and the storage
modulus (G'(Pa)), the loss elasticity (G"(Pa)) and the frequency (w(rad/sec)) giving G'=G" are determined. A complex

modulus of elasticity G* (iw) at a frequency (w{rad/sec)) can be represented by a stress ¢* and a strain ¥ as shown
below.

G* (iw) =0*/ 1" = G'(w) + IG"(w)
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wherein i is an imaginary number unit.
[0359] A propylenic resin composition in this invention is not particularly limited as far as the requirements

described above are satisfied. For example, a propylenic resin composition comprlsnng 1 to 99 % by weight of a propyl- ,
enic polymer U] satlsfymg the following requirements:

(1) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising chro-
matography ranges from 20 to 100 % by weight;

(2) the amount of the components which are dnssolved out into hexane at 25 °C (H25) ranges from 0 to 80 % by
weight; and,

(3) no melting point (Tm(°C)) is observed in DSC or, when any Tm is observed then the Tm and the fusion endo- .
thermic calorie AH(J/gr.) are in the relationship represented by the following formula:

AH26 x (Tm-140);
and 99 to 1 % by weight of a crystalline propylenic polymer [II] may be exemplified.

[0360] By satisfying the requirements shown above, a propylenic polymer [I] in this invention provides a resultant
film or sheet whose amount of the stickiness-imparting components, low modulus and transparency are well-balanced.
Thus, it exhibits a low modulus and an excellent softness (referred to as pliability), contains a reduced amount of a stick-
iness-imparting component and has an excellent surface characteristics (for example those experienced as a less
bleeding and a less migration of a stickiness-imparting component into other products), and is also associated with an
advantageously excellent transparency.

[0361] The requirements described above to be satisfied by a propylenic polymer {i] in this mventlon are discussed
below. In a propylenic copolymer [1] in this invention, the amount of the components which are dissolved out at 25 °C or
jower (W25) in a temperature-raising chromatography ranges from 20 to 100 % by weight. More preferably, such
amount ranges from 30 to 100 % by weight, and most preferably 50 to 100 % by weight. W25 is an index for the softness
of a propylenic polymer {I]. An increase in this value is associated with an increase in the component having a higher
modulus and/or a broader sterecregularity distribution. In this invention, a value W25 less than 20 % may result in a dis-
advantageous loss of the pliability. The meanings of W25 are as described in the second invention.

[0362) Also in a propylenic polymer {1] in this invention, the amount of the components which are dissolved out into
hexane at 25 °C (H25) ranges from O to 80 % by weight. Preferably, it is 0 to 50 % by weight, pamcu|arly 0 to 25 % by
weight. H25 can also be understood as described in the second invention.

[0363] Also in an inventive propylenic polymer [I}, no melting point (Tm(°C)) is observed in DSC or, when any Tm

is observed then the Tm and the fusion endothermic calorie AH(J/g) are in the relationship represented by the foliowing
formula:

AH26 x (Tm-140);
preferably by the following formula:
AH23 x (Tm-120);

and,
particularly by the following formula:

AH22 x (Tm-100).
[0364] Tm and AH can also be understood similarly as in the second invention.
[0365] A propylenic polymer [I] in this invention is not particularly limited, provided that it.can satisfy the require-
ments described above, and may for example be a propytene homopolymer or a propylenic copolymer. Specifically, a
propylenic polymer [l] in this invention described above can more preferably be embodied by a propylene homopolymer
{a] or a propylene copolymer [a'] described below.
{a) Propylene homopolymer

[0366] A propylene homopolymer [a] in this invention is a polymer satisfying the following requirements (1) to (3):

(1) the meso-pentad fraction (mmmm (in percentage terms by mole)) ranges from 20 to 60 % by mole;
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(2) the racemi-pentad fraction (rrrr) and (1-mmmm) are in the relationship represented by the following formula:

[rree/(1-mmmm)]<0.1 - ) )
wherein the racemi-pentad fraction (rrrr) and the meso-pentad fraction (mmmm) are not in percentage terms; and,
(3) the amount of the components which are dissolved out at 25.°C or lower (W25) in a temperature-raising chro-
matography ranges from 20 to 100 % by weight. :

When a propylene homopolymer [a] in this invention satisfies the reguirements described above, a resultant
film or sheet exhibits well-balanced amount of the ‘stickiness-imparting components, low modulus and transpar-
ency. Thus, it exhibits a low modulus and an excellent softness (also referred to as pliability), contains a reduced
amount of a stickiness-imparting component and has an excellent surface characteristics (for example those expe-
rienced as a less bleeding and a less migration of g stickiness-| lmpamng component into other products) and is
also associated with an advantageously excellent transparency. s .

A % meso-pentad (% mmmm) and a racemi-pentad fraction (rir) referred in this invention are the same to
those discussed in the first invention. A meso-pentad fraction (mmmm) of an inventive propylene homopolymer {a]
less than 20 % by mole may cause a stickiness. One exceeding 60 % by mole may represent disadvantageously
high modulus. A value [rrrr/(1-mmmm)] of a propylene homopolymer [a] in this invention which exceeds 0.1 causes
a stickiness. A 3C-NMR spectrum is obtained simiiarly as in the first invention. A W25 of an inven.tive propylene
homopolymer [a] less than 20 % results in the loss of pliability. ' " ’

A propylenic homopolymer [a] described above is further preferred when it satisfies, among the requirements
described above, the following requirements:

(3) the meso-pentad fraction (mmmm (in percentage terms by mole)) ranges from 30 to 50 % by mole;
(4) the racemi-pentad fraction (rrrr) and (1-mmmm) are in the relationship represented by the following tormuta:

[rrer/(1-mmmm)]<0.08.

wherein the racemi-pentad fraction {rrrr) and the meso-pentad fraction (mmmm) are not in percentage terms; and,
(6) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising chro-
matography ranges from 30 to 100 % by weight; '

and is particularly preferred when it satisfies the following requirements: :

(7) the meso-pentad fraction (mmmm (in percentage terms by mole)) ranges from 30 to 50 % by mole;

{8) the racemi-pentad fraction (rrrr) and (1 -mmmm) are in the relationship represented by the following formula:

[rre/(1-mmmm)]}<0.06

wherein the raoeml-pentad fraction (rnr) and the meso- pentad fractlon (mmmm) are not in percentage terms; and,
(9) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising chro-
matography ranges from 50 to 100 % by weight.

[0367] A propylene homopolymer [a] in this invention is preferred when it satisfies, in addition to the requirements
described above, that the molecular weight distribution (Mw/Mn) determined by a gel permeation chromatography -
(GPC) is 4 or less and/or the intrinsic viscosity [n) determined in a tetralin solvent at 135 °C ranges from 0.5 to 15.0 dVg,
with an Mw/Mn of 3.5 or less and/or a [n] of 1.0 to 5.0 dl/g being more preferred and an Mw/Mn of 3 or less and/or a {nj)
of 1.0 to 3.0 dl/g being particularly preferred. A molecular weight distribution (Mw/Mn) exceeding 4 may cause a sticki-
ness in a film or sheet. An intrinsic viscosity [n] less than 0.5 di/g may also cause a stickiness, while that exceeding 15.0
dl/g results in a gel or a fish eye in a film or sheet.

[0368] An Mw/Mn described above may be understood similarly as in the first invention.

[0369] In addition to the requirements described above, a fusion endothermic calorie AH determined by DSC of 20
J/g or less allows an inventive propylene homopolymer [a] to be more pliable and thus be more preferred.

[0370]) In addition a propylene homopolymer [a] in this invention is further preferred when it exhibits no crystalliza-
tion peak in the crystallization curve obtained by a differential scanning calorimetry (DSC).

[0371] While during an ordinary propylene polymerization process a 1,2 insertion polymerization, which means that
a carbon atomn of a propylene monomer on the side of a methylene undergoes a binding with an active center of a cat-
alyst foliowed by a successive coordination of the propylene monomers in the same manner whereby effecting the
polymerization, takes place generally, a 2,1 insertion or a 1,3 insertion may also take place at a less incidence (some-
times referred to as abnormal insertion). In a homopotymer in this invention, it is preferable that the incidence of such
2,1 or 1,3 insertion is low. It is also preferable that these insertion rates satisfy the relationship represented by the fol-
lowing forrmula (1):
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[(m-2,1)+(r-2,1)+(1,3)]<5.0 ) A m

wherein (m-2,1) is a % meso-2,1 insertion content determined by '3C-NMR, (r-2,1) is a % racemi-2,1 insertion content .
determined by Y3C-NMR, and (1,3) is a % 1,3 insertion content determined by "3C-NMR, and, more preferably, they sat-
isfy the relationship represented by the following formula (2): ' :

[(M-2,1)+(r-2,1)4+(1,3)]<1.0 @)
[0372] It is particularly preferred that they satisty the relationship represented by the following formula (3):
[(m-2,1)+(r-2,1)+(1,3))<0.1 . (3).

[0373] When the relationship represented by Formula (1) is not satisfied, the crystallinity is reduced far more than’
expected, and a stickiness may arise.

(m-2, 1), (r-2, 1) and (1,3) are understood similarly as in the first invention.
[0374] * A propylene homopolymer in this invention. preferably exhibits substantially no peaks in a '*C-NMR spec-
trum which are assigned to a molecular chain terminal (n-butyl group) as a result of a 2,1 insertion. With regard to this
molecular chain terminal as a result of a 2,1 insertion, each % insertion content is caiculated from the integrated inten-
sity of each peak after assignment of the peak in the '3C-NMR spectrum in accordance with the report by«Jungling et
al (J.Polym.Sci.:Part A: Polym.Chem., 33, p1305 (1995)).

[0375] In addition to the requirements described above, a % boiling diethylether extract, which is an index for the
modulus, of § % by weight or higher allows a propylene homopolymer [a] in the invention to be further preferred. A %
bolling diethylether extract can be determined by the method similar to that desctibed in the second invention.

[0376] In addition to the requirements described above, a tensile elastic modulus of 100 MPa or less, more prefer-
ably 70 MPa or less is associated with an inventive propylene homopolymer [a].

[a'] Propylenic copolymer

[0377] A propylenic copolymer [a] in this invention is a copolymer of propylene and ethylene and/or an a-clefin hav-
ing 4 to 20 carbon atoms which satisfies the following requirements (1) to (2): :

(1) the stereoregularity index (P) determined by a '3C-NMR ranges from 55 to 90 % by mole;and,
(2) the amount of the components which are dissolved out at 25 °C or lower (W25) in a temperature-raising chro-
matography ranges from 20 to 100 % by weight.

[0378] By satisfying the requirements described above, an inventive propylenic copolymer [a'] provides a film or
sheet exhibiting well-balanced amount of the stickiness-imparting components, low modulus and transparency. Thus, it
exhibits a low modulus and an excellent softness (referred to as pliability), contains a reduced amount of a stickiness-
imparting component and has an excellent surface characteristics (for example those experienced as a less bleeding
and a less migration of a stickiness-imparting component into other products), and is alsc associated with an advanta-
geously excellent transparency. A stereoregularity index (P) in the invention is a value obtained by determining a 3¢
NMR spectrum using Nippon Densi Model JNM-EX400 '3C-NMR device under the conditions described in the first
invention followed by caiculating a % meso-triad (mm) of a propylene chain. An increase in this value is associated with .
a higher stereoregularity. A propylenic copolymer [a'] in this invention preferably has a stereoregularity index (P) of 65

to 80 % by mole. A stereoregutarity index (P) less than 55 % by weight results in a too reduced modulus, which may

lead to a poor molding performance. At 90 % by mole or higher, a rigidness may arise and a softness is lost. It is further
preferred that the W25 is 30 to 100 % by weight, with 50 to 100 % by weight being particularly preferred. A W25 less

than 20 % by weight results in a loss of pliability. The meanings and the determination method of a W25 are as

described above.

[0379] A propylenic copolymer [a'] in this invention is preferred when it satisfies, in addition to the requirements

described above, that the molecular weight distribution (Mw/Mn) determined by a gel permeation chromatography

(GPC) is 4 or less and/or the intrinsic viscosity [} determined in a tetralin solvent at 135 °C ranges from 0.5to 15.0 dV/g,

with an Mw/Mn of 3.5 or less and/or a[n] of 1.0 to 5.0 di/g being more preferred and an Mw/Mn of 3 or less and/or a (1]

of 1.0 to 3.0 di/g being particularly preferred. A molecular weight distribution (Mw/Mn) exceeding 4 may cause a sticki-

ness in a film or sheet. An intrinsic viscosity {n] less than 0.5 dl/g may also cause a stickiness, while that exceeding 15.0

di/g results in a gel or a fish eye in a film or sheet.

[0380} An Mw/Mn described above may be understood similarly as in the first invention.

[0381) In addition to the requirements described above, a fusion endothermic calorie AH determined by DSC of 20 -
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. J/g or less allows an inventive propylenic copolymer [a'] to be more pliabie and thus be more preferred. In addition, a

propylenic copolymer [@'] in this invention is further preferred when'it exhibits no crystallization peak in the crystallization
curve obtained by a differential scanning catorimetry (DSC). One exhibiting any crystallization peak in the crystallization
curve obtained by a differential scanning calorimetry (DSC) may result in na film or sheet having an excellent pliabiiity.
AH, Tm and Tc are obtained as described above.

[0382]) In addition to the requirements described above, a % boiling dlethylether extract, which is an index for the
modulus, of 5 % by weight or higher allows a propylenic copolymer [a'] in this invention to be turther preferred. The boil-
ing diethylether extract is determined as described above,

[0383] In addition, the tensile elastic modulus is preferably 100 MPa or Iess more preferably 70 MPa or less.
[0384] In conjunction with a propylenic copolymer [a'] in this invention, an a-olefin having 4 to 20 carbon atoms may
for example be ethylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tet-
radecene, 1-hexadecene, 1-octadecene, 1-eicocene and the like, and in the mventlon these may be employed alone
or in combination with each other.

[0385]) A propylenic copolymer [a'] in this invention is preferably a random copolymer. The structural unit derived
from propylene exists preferably at a leve! of 90 % by mole or higher, more preferably 95 % by mole or higher.

[Method for producing propyiene homopolymer [a] and prqpyllenic copolymer [a'])

[0386] A method for producing a propylene homopolymer [a] and a propylenic copolymer {a'] in this invention may
be a method in which a catalyst system called a metallocene catalyst is used to homopolymerize propylene or to copo-
lymerize propylene and ethylene and/or an o-olefin having 4 to 20 carbon atoms. In this invention, among metallocene -
catalysts, one derived from a transition metal compound whose ligand forms a crosslinking structure via a crosslinking
group is preferred, and a particularly preferred method involves a use of a metallocene catalyst obtaind by combining a
transition metal compound whose crosslinking structure is formed via 2 crosslinking groups with a promoter whereby
effecting a homopolymerization of propylene or a copolymerization of propylene and ethylene and/or an a-olefin having
4 to 20 carbon atoms.

[0387] Typically, a catalyst consists of the following components.

(A) a transition metal compound
(B) a component (B-1) which is a compound capable of forming an ionic complex by reacting with a transition metai
compound as a component (A) and a component (B-2) which is an aluminoxane.

[0388) In addition to a component (A) and a component (B), an organic aluminium compound can be used as a
component (C).

[0389] Components (A), (B) and (C) are similar to those described in the first invention, and each of components
{B) and (C) may be used alone or in combination of two or more. The amount of each component to be used is also
similar to that employed in the first invention.

[0390] In a production method according to the invention, components (A), (B) and (C) may be subjected to a pre-
liminary contact. Such preliminary contact may be understood as discussed in the first invention.

[0391] In the present invention, at least one of the catalyst components may be employed as being supported on a
suitable carrier. A carrier employed in this invention is similar to that in the first invention. A method for allowing at least
one of the catalyst components to be supported on & carrier is also similar to that in the first invention.

[0392] In the present invention, a catalyst may be prepared by irradiating a dynamic wave upon contact between
components (A), (B) and (C). Such elastic wave is usually a sound wave, preferably an ultrasonic wave. Typically, an
ultrasonic wave at a frequency of 1 to 1000 kHz, preferably 10 to 500 kHz may be exemplified.

[0393] A catalyst thus obtained may be used in a polymerization after being isolated as a solid by distilling a solvent
off, or alternatively it may be subjected directly to a polymerization.

[0394] In the invention, as is discussed already in the first invention, a catalyst may be produced also by allowing
at least one of a component (A) and a component (B) to be supported on a carrier within the system of polymerization.
{0395] The ratio of each component to a carrier is also similar to that in the first invention. The polymerization cat-
alyst in this invention thus prepared usually has a mean particle size of 2 to 200 um, preferably 10 to 150 um, particu-
larly 20 to 100 pm, and a specific surface area usually of 20 to 1000 m2/g, preferably 50 to 500 m?/g. In an inventive
catalyst, the amount of a transition metal in 100 g of a carrier is usually 0.05 to 10 g, preferably 0.1 to 2 g. An amount
of a transition metal departing from the range described above may result in a reduced activity.

{0336] A propylenic polymer employed in this invention can be produced using a polymerization catalyst described
above by homopolymerizing a propylene or by copolymerizing propylene and ethylene and/or an a-olefin having 4 to 20
carbon atoms.

[0397] In such procedure, a polymerization method is not particularly limited and may be a slurry polymerization, a
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’ vapor phase polymenzatlon a bulk polymerization, a solution polymerization, a suspension polymerization. and the like,

and.those partlcularly preferred are a slurry polymerization and a vapor phase polymerization.

[0398] A polymerization condition involves a polymerization temperature usually of -100 to 250 °C, preferably -50
to 200 °C, more preferably 0 to 130 °C. The ratio of a catalyst to a reactant, répresented as starting monomer/compo-

nent (A) (molar ratio), is preferably 1 to 108, particularly 100 to 10°. A polymerization time usually of 5 minutes to 10-

. hours, and a reaction pressure preferably of atmospheric pressure to 200 kg/csz, particularly atmospheric pressure

to 100 kg/cm?G are employed.

[0399] The molecular weight of a polymer may be adjusted by appropnately selecting the type and the amount of
each catalyst component and the polymerization temperature, or by performing the polymerization in the presence of
hydrogen. : .
[0400] When a polymerization solvent is employed, the types of the solvents may be simitar to those in the first

inverition. A monomer such as an a-olefin may also be employed as a solvent. Some polymerization methods need no
use of solvents. '

[0401] Upon pélymerization, a polymerization catalyst described above may be used to perform a prelimjnary

polymerization. Such preliminary polymerization may be similar to that in the first invention.

[0402] ' As a crystalline propylenic polymer [Il] described above, any propylenic polymer can be employed as far as
it exhibits a crystallinity. Those which may be exemplified are a propylene homopolymer, a propylene-ethylene random
copolymer, a propylene-ethylene-1-butene random copolymer, a propylene-ethylene block copolymer and the like. The
molecular weight of a crystalline propylenic polymer [} is selected based on a desired moldability, and a Ml of 2 to 20
g‘/10 min is preferred for a T die cast film molding, while one of 1 to 10 g/ 10 min is preferred for a sheet molding. The
selection can be made appropriately based on the intended use of a film or sheet. Specifically, when an intended use
places a significance on the heat resistance and on the heat seal strength, then a highly crystalline propylene homopol-

ymer is preferred, such as one described in JP-A-8-85711. Thus, one which can be exemplified is a propylenic resin
which satisfies that:

(1) the % isotactic pentad (P) which is an index for the stereoregularity is 85.0 % by mote, the amount of n-heptane-
insoluble components (H) is 98.0 to 97.0 % by weight, and P and H are in the relationship represented by the fol-
lowing formula: .

0.750P + 27.125<H;

and that {(2) the melt index (MI) is 1 to 20 g/10 min and the relaxation time 1 (sec) at the frequency w0=1 0°rad/sec
based on the frequency distribution determination at 175 °C and the M| are in the relationship represented by the
formula:

1<0.65-0.025MI.

[0403] More preferable polypropyienic polymer satisfies that : (1') the % isotactic pentad (P) which is an index for
the stereoregularity is 85.0 to 92.0 % by mole, the amount of n-heptane-insoluble components (H) is 86.0 10 97.0 % by
weight, and P and H are in the relationship represented by the following formula:

0.750P + 26.000<H;

and that (2') the melt index (M) is 1 to 25 g/10 min and the relaxation time 1 (sec) at the frequency ®0=100rad/sec
based on the frequency distribution determination at 175 °C and the M are in the relationship represented by the for-
mula:

1<0.63-0.025MI.

[0404] The meanings and the determination methods of P, H, M|, w0 and t described above and the method for pro-
ducing a propylenic polymer are similar to those described in JP-A 8-85711. :

[0405] For the purpose of improving the low temperature heat seal performance of a film or sheet_ it is preferred
that a crystalline propylenic polymer [il] is also a propylene-ethylene random copolymer or a propylene/ethylene/1-
butene random copolymer which has an excelient low temperature heat seal performance, such as those described in
JP-A-9-208629, JP-A-9-272718, JP-A-10-130336 and the like. Thus, a propylenic copolymer which can be mentioned
is a copolymer of propylene and ethylene which satisfies the following requirements {1] to [5] (JP-A-9-208629):

[1] The ethylene unit content {x(wt%)) in a copolymer is 3 to 10 wt %;
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(2) The met index (M (¢/10 min) of & copolymer is 4 to 12 g/10 min;
[3] The bonlmg diethylether extract (E (wt %)) and x, are in the’ relatlonshlp represented the formula (1) or (I}):

E<0.25%¢+1.1 (x_3 to 6 wt °/o) : AN

E<2.6 (%=6 to 10 wt %) : ()5

[4] The melting pdint (Tm{°C)) determined by a differential scanning calorimeter and x, are in the relationship rep-
resented by the formula (I11) or (IV): .

TmS140 . (=3t Sw%) oy
Tm<166-5%, . (x=5to 10 wt %) - vy

and,
(8] The % isotactic triad (mm (mol %)) of a PPP chain moiety determined by 13C NMR is 98.0 % by mole or hlgher '

Also exempliﬁed is a propylenic random copolymer whvch is a random copolymer of propylene and ethylene which sat-
isfies the following requirements [1] to [5} (JP-A-9-271718): oL

[1] The ethyleﬁe unit content (x(Wt%)) in a copolyfner is 0.2104 W %;.

[2) The melt index (MI (g/10 min) of a copolymer is 4 to 12 g/10 min; )
{3] The boiling diethylether extract (E (wt %)) and y are in the relationship represented the formula (n:
1

E<0.253+1.1 : (1

[4] The melting point (Tm(°C)) determined by a dlfferentlal scanning calonmeter and x are in the relationship rep-
resented by the formula (2): :

Tm<165-5y . . ’ 2);

and,
[56] The % isotactic triad (mm (mol %)) of a PPP chaln monety determined by 3C-NMR is 98.0 % by mole or higher.

[0406] As an ethylene/1-butene/propylene copolymer, one described in JP-A-11-60639 may be exemplified. Thus,
a propylenic random copplymer which is exemplified is a random copolymer of propylene, ethylene and 1-butene which
satisfies the following requirements [1] to [6]:

[1} The ethylene unit content in a copolymer (a mol %) and the 1-butene unit content (B mol %) are in the relation-
ship represented by the formula (1):

4’sd+Bs15 : (;
[2] The melt index of a copolymer (Ml (g/10 min) is 1 to 12 g/10 min;
[3] The boiling diethylether extract (E) and (a+B) are in the relationship represented by the formula (2) when (a+f)
<£12 and by the formula (3) when (a+8) >12:
E<0.2(a+B)+0.6 ) (2)
E<3.0 : ‘ (3)

[4] The melting point (Tm(°C)) determined by a differential scanning calorimeter and (a+f) are in the relationship
represented by the formula (4):

Tm<164-3.6(a+P) (4)

[5) The stereoregularity index P (mo! %) determined by 13C-NMR is 98 % by mote or higher; and,
[6] The ratic (Mw/Mn) of the weight mean molecular weight (Mw) to the number mean molecular weight (Mn) deter-
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" mined by a gel permeation chromatography (GPC) is 6 or less (JP-A-11 -60639).

[0407] The meaning and the determination method of each parameter are as described in the respective pubhca-,
tion.

[0408] When as a crystalline propylenic polymer [11] in this invention one exhibiting no crystallinity is employed, the
heat resistance of a film or sheet may be.reduced.

[0409] In this invention, a propylenic polymer.[1} and a crystailine propylenic polymer [Il] may be dry- -blended using
a Henschel mixer and the like, or, alternatively, they may be kneaded using a single- or twin-screw extruder, Banbury
mixer and the like. A component {I] is incorporated in an amount of 1 to 99 % by weight, preferably 10 to 90 % by weight,
particularly 20 to 80 % by weight. When an amount of a component [I] less than 1 % by weight or less, the pliability may .
be reduced. ' .

[0410] ~ To a propylenic resin ‘composition in this invention, various additives may be added if desired. Such additives
may be antioxidant, neutralizing agent, slipperiness-imparting agent, anti-blocking agent, anti-frosting agent, antistatic’
agent and the like. Each of such additives may be employed alone or as a combination of two or more. For example, a
phosphorus-based antioxidant, a phenol-based antioxidant and a sulfur-based antioxidant may be exemplified as an
antioxidant.

[0411] A phosphorus-based antioxidant may for example be trisnonylpheylphosphite, tris(2,4-di-t-butylphneyi)phos-
phite, distearylpentaerythritol diphosphite, bis(2,4-di-t-butylphenyl)pentaerythritol phosphite, bis(2,6-di-t-butyl-4-meth-
ylphenyl) pentaerythrito! phosphite, 2.2-methylenebis(4,6-di-t-butylphenyl)octylphosphite, tetrakis(2,4-di-t-butylphenyl)-
A,4-bophenylene-di-phosphite, ADECASTAB 1178 (ASAHI DENKA), SMILIZER TNP (SUMITOMO KAGAKU), JP-135
(JOHOKU KAGAKU), ADECASTAB 2112 (ASAHI DENKA), JPP-2000 (JOHOKU KAGAKU), Weston 618 (GE), ADE-
CASTAB PEP-24G (ASAHI DENKA), ADECASTAB PEP-36 (ASAHI DENKA), ADECASTAB HP-10 (ASAHI DENKA),
SandstabP-EPQ (SANDZ2), phosphite 168 (Ciba-geigy) and the fike.

[0412] A phenol-based antioxidant may for example be 2,6-di-t-butyl-4-methylphenol, n-octadecyl-3-(3',56'-di-t-butyl-
4'-hydroxyphenyl)propionate, = tetrakis[methylene-3-(3,5-di-t-butyi-4-hydroxyphenylimethane, tris(3,5-di-t-butyl-4-
hydroxybenzyl)isocyanurate, 4,4'-butylidenebis-(3-methyl-6-t-butylphenol), triethyleneglycol-bis{3-(3-t-butyl-4-hydroxy-
5-methylphenyl)propionate], 3,9-bis{2-[3-(3-t-butyl-4-hydroxy-5-methylphenyl)propionyloxy]-1,1-dimethylethyi}-
2,4,8,10-tetraoxaspiro[5,5)undecane, SMILIZER BHT (SUMITOMO KAGAKU), YOSHINOX BHT (YOSHITOMI PHAR-
MACEUTICAL CO., LTD.), ANTAGE BHT (KAWAGUCHI KAGAKU), IRGANOX 1076 (Ciba-geigy), IRGANOX 1010
(Ciba-geigy), ADECASTAB AO-60 (ASAHI DENKA), SMILIZER BP-101 (SUMITOMO KAGAKU), TOMINOX TT (YOS-
HITOMI PHARMACEUTICAL CO,, LTD.), TTHP (TORAY), IRGANOX 3114 (Ciba-geigy), ADECASTAB AO-40 (ASAHI
DENKA), SMILIZER BBM-S (SUMITOMO KAGAKU), YOSHINOX BB (YOSHITOMI PHARMACEUTICAL CO., LTD.),

'ANTAGE W-300 (KAWAGUCHI KAGAKU), IRGANOX 245 (Ciba-geigy), ADECASTAB AO-70 (ASAHI DENKA), TOMI-

NOX 817 (YOSHITOMI), ADECASTAB AC-80 (ASAHI DENKA), SMILIZER GA-80 (SUMITOMO KAGAKU) and the like.
[0413) A sulfur-based antioxidant may for example be dilauryl-3,3'-thiodipropionate, dimyristyl-3,3"-thiodipropion-
ate, distearyl-3,3"-thiodipropionate, pentaerythritoltetrakis(3-lauryithiopropionate), SMILIZER TPL (SUMITOMO
KAGAKU), YOSHINOX DLTP (YOSHITOMI), ANTIOX L {NIPPON YUSHI), SMILIZER TPM (SUMITOMO KAGAKU),
YOSHINOX DMTP (YOSHITOMI), ANTIOX M (NIPPON YUSHI), SMILIZER TPS (SUMITOMO KAGAKU), YOSHINOX
DSTP (YOSHITOMI), ANTIOX S (NIPPON YUSHI), ADECASTAB AO-412S (ASAHI DENKA). SEENOX 4128 (CYPLO
KASEI), SMILIZER TDP (SUMITOMO KAGAKU) and the like.

[0414] As an antioxidant for a film or sheet, IRGANOX 1010: general name: pentaerythmyl-tetrakls[s (3,5-di-t-butyl-
4-hydroxyphenyl)propionate], IRGAPHOS 168: general name: tris(2,4-di-t-butylphenyi)phosphite, IRGANOX 1076:
general name: octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate, IRGANOX 1330: general name: 1,3,5-trimethyl- .
2,4,6-tris(3,5-di-t-butyl-4-hydroxybenzyl)benzene, IRGANOX 3114: general name: tris(3,5-di-t-butyl-4-hydroxyben-
zyljisocyanurate, P-EPQ: general name: tetrakis(2,4-di-t-butylphenyi)4,4'-biphenylene-di-phosphite are particularly
preferred. .

[0415]) When an antioxidant is employed in this invention, it is added in an amount of 0.001 to 1 parts by weight to
100 parts by weight of a propylenic resin composiiton described above. As a result, a preferable effect such as preven-
tion of yellowing is achieved.

[0416] Typically, an antioxidant listed above may be incorporated as follows.

Case 1
[0417]
IRGANOX 1010 1000 ppm
PEP-Q 1000 ppm
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Case 2 ) '
[0418] . o S

IRGANOX 1076 1200 ppm
PEP-Q 600 ppm
IRGAPHOS 168 800 ppm,

Case 3
[0419]

IRGANOX 1010 400 to 1000 ppm
IRGAPHOS 168 750 to 1500 ppm

[0420] A particularly préfen'ed neutralizing agent for a film and sheet may for example be calcium stearate, zinc
stearate, magnesium stearate, HYDROTALSITE (DHT 4A) empmcal formula: Mg4.5A12(0H)13C0,;3.5H,0 and the
like.

[0421] A particularty preferred antiblocking agent for a film and sheet may for example be PSYLIC|A'a synthesized
silica-based material manufactured by FUJI SILICIA, MIZUKASIL:a synthesized silica-based material manufactured by
MIZUSAWA KAGAKU KOGYO and the like.

A pamcularly preferred slipperiness-imparting agent for a film and sheet may for example be erucic acid amide, oleic
acid amide, stearic acid amide, behenic acid amide, ethylene bisstearic acid amide, ethylene bis oleic acid amide,
stearylerucaamide and oleylpalmitoamide.

[0422]) When a nucleating agent is used in this invention, the amount of a nucleating agent to be added is 10 ppm
or higher, preferably 10 to 10000 ppm, more preferably 10 to 5000 ppm, particularly 10 to 2500 ppm, based on a pro-
pylenic resin composition. An amount less than 10 ppm provides no improvement in the heat seal performance, while
an amount exceeding 10000 ppm fails to exhibit corresponding increase in the effect and may rather lead to a poor
appearance. A nucleating agent may be understood as is discussed in the first invention. '

[V1} Sixth invention
{0423] The sixth invention is detailed below.

{1] A resin composition in this invention is a polypropylenic resin composition comprising (A) 99 to 50 % by weight
of a propylene homopolymer having the following characteristics (a1) to (ad):

(a1) the intrinsic viscosity [n] is 0.5 to 5.0 di/g;

(a2) the molecular weight distribution (Mw/Mn) is 3.5 or less;

(a3) the isotactic pentad fraction (mmmm (in percentage terms by mole)) is 40 to 98 % by mole; and,

(a4) the isotactic pentad fraction (mmmm (in percentage terms by mole)) and the melting point (Tm{°C)) are in -
the relationship represented by the following formula (1): -

Tm<[mmmm] + 65 (UX

and,
(B) 1 to 50 % by weight of a propytene homopolymer capable of forming an eutectic with a component (A) under a
rapid coofing condition upon film formation.

Since a propylene homopolymer as a component (A) whuch has a narrow molecular weight distribution is anal-
ogous in its nature to a single component material, it has a smaller amount of a polymer having a different stere-
oregularity or a law molecular weight polymer which serves as a crystallization nucleus at the initial stage of the
crystallization, resulting in a difficulty in the crystallization, which leads to an increase in the supercooling degree
(difference in temperature between the melting point and the crystallization temperature) which is indicative of a
crystallization profile.

In this invention, by means of an eutectic formation of a propylene homopolymer as a component (A) having a
narrow molecular weight distribution with other propylene homopolymer as a component (B) under a rapid cooling
condition upon film formation, an improvement in the moldability, which is difficult to be achieved with a single poly-
propylene, can be achieved, and a cast film whose rigidity and seal temperature are well-baianced can be obtained.
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In general, a determination in an almost equilibrated process of a crystal growth such as in DSC.may involve
-a difficulty in an eutectic formation and may exhibit a supercooling degree which is observed to be reduced only
slightly. ,

On the contrary, a heat molding of a film or sheet employs a rapid coolmg for setting (non-equilibrated process
of a crystal growth) which allows an eutectic to be formed readily, and this eutectic formation contributes to the
improvement in the physical characteristics and i in the moldability.

Thus, a component (B) in this invention may be one capable of forming an eutectic with a component (A) under
a rapid cooling condition upon film formation (on the basis of the resin temperature at the exit of a die of 191 °C,
the chill roll temperature of 30 °C, the film thickness of 25 p, the haul-off speed of 6 mm/min).

A eutectic formation of a polymer in this invention is defined so when a single peak top is observed in a fusion .
endothermic curve obtained by raising the temperature immediately after conditioning a film, which has just been
molded, as described later using a differential scanning catorimetry (DSC.method). This eutectic formation of a pol-

" ymer is understood to be a process in which one polymer undergoes an initial crystal formation utilizing the other’

polymer as a crystallization nucleus and a subsequent crystal growth takes place. .

. While a propylene homopolymer as a component (A) is a polypropylene which is polymerized with a homoge-
neous catalyst such as a metallocene catalyst, any catalyst having a performance close to that of a homogeneous
system may be employed even if it is a supported catalyst such as a Ziegler-Natta catalyst. Thus, without limitation
to a catalyst employed in a polymerization, a propylene homopolymer whose intrinsic viscosity [n] is 0.5 to 5. Odvg,:
molecular weight distribution (Mw/Mn) is 3.5 or less, % isotactic pentad (mmmm % by mole) is 40 to 99 %% by mole,
preferably 80 to 99 % by mole, and % isotactic pentad (mmmm % by mole) and melting point (Tm(°C)) are in the
relationship represented by the following formula (I):

Tm<[mmmm) + 65 - s

is acceptable.

An intrinsic viscosity [n] less than 0.5 dl/g resuits in a shortcoming in the mechanical strength of a film such as
tensile strength and rigidity, while one higher than 5.0 di/g results in a difficulty in extrusion moldings such as cast
moiding, and a molecular weight distribution (Mw/Mn) exceeding 3.5 results in an impairment in the balance
between the rigidity and the heat seal performance of a film or a reduction in the anti-blocking performance. A %
isotactic pentad (mmmm % by mole) less than 40 % by mole results in a lower rigidity of a film, while one exceeding
90 % by mole results in a disadvantageously poor impact resistance of a film.

The formula (1) representing the relationship between the isotactic pentad fraction (mmmm (in peroentage
terms by mole)) and the melting point (Tm °C) is defined for the purpose of excluding a polypropylene whose
molecular Weight distribution (Mw/Mn) of 3.5 or less obtained by means of a use of a peroxide for decomposing a
polypropylene having a broad molecular weight distribution obtained by a conventional catalyst. While a propylene

_homopolymer as a component (A} in this invention has a stereoregularity [mmmm} and a molecular weight which

are close to those of a single component material, one excluded as described above is a mixture of various com-
ponents having different levels of the stereoregularity [nmmmj] and tends to exhibits a higher melting point (Tm °C)
inherent to a resin composition reflecting the presence of a component having a high stereoregularity [mmmm],
because of which it is excluded by Formula (1). One departing from the relationship represented by Formula (l) pro-

_vides a film having a poor balance between the rigidity and the heat seal temperature.

A propylene homopolymer as a component (B) may be one capable of forming an eutectic with a propylene
homopolymer as a component (A).

In general, one having a stereoregularity and a molecular weight which are different from those of a propylene
homopolymer as a component (A) can induce a crystallization nucleus and form an eutectic. Accordingly, a propyl-
ene homopolymer having a molecular weight which is smaller than that of a component (A) may be exemplified.

An inventive resin composition is a polypropylenic resin composition comprising 99 to 50 % by weight, more
preferably 99 to 80 % by weight of a component (A), and 1 to 50 % by weight, more preferably 1 to 20 % by weight
of a component (B).

An amount of a component (B) less than 1 % by weight results in deteriorated heat seal performance and mold-
ability, while that exceeding 50 % by weight results in an impairment in the balance between the heat seal perform-
ance and the rigidity of a film.

A film produced by a cast molding using a resin composition whose crystatlization profile is improved has a
higher ability of improving the physical characteristics and a higher ability of improving the moldability, and a result-
ant cast-molded film has a tensile modulus in the direction of MD (TM(MPa) and a heat seal temperature (HST(°C))
are expected to be in the relationship represented by the following Formula (I1):

TM222 x HST - 1850 (n);
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more preferably by the following Formula (II'):

TM222 x HST - 1800 ’ : .

_Formula [1l] reflects the fact that the effect according to the invention serves to allow the heat seal temperature
(HST(°C)) to be further lowered (whereby achieving an intended seal pealing strength at a lower temperature) and
also serves to allow the film tensile modulus (rigidity) to be improved.

[2] Also this invention is a polypropylenic resin composition which is included in a resin composition [1) described
above and in which the crystallization temperature (TcB C) of a component (B) determined by a differential scan-
ning calorimeter is higher by 0 to 40 °C than that (TcA °C) of a component (A). )

Thus, a component (B) capable of forming an ‘eutectic with a component (A) exhibits a higher physical charac-
teristics-improving effect when the difference in the crystallization temperature between the two components
becomes greater, but a difference exceeding 40 °C results in a difficulty in forming an eutectic, which may lead to
no physical characteristics-improving effect according to the invention to be expected. More preferably, TeB is
higher by 10 to 40 °C than TcA. o
[3] Furthermore, this invention is & polypropylenic resin composition comprising (A") 99 to 50 % by weight of a pro-
pylenic polymer obtained by a polymerization using a metallocene catalyst which is a propylene homopolymer and’
has an isotactic pentad fraction (mmmm) of 80 to 99%, an intrinsic viscosity [n] of 1.0 to 2.0 dV/g and a molecular
welght distribution (Mw/Mn ratio) of 3.5 or less, and, (B') 1 to 50 % by weight of a propylenic polymer obtained by a

. polymerization using a metallocene catalyst which is a propylene homopotymer and has an intrinsic viscosity [n] of
0.01 to 1.0 dl/g and a molecular weight distribution (Mw/Mn ratio) of 3.5 or less.

Xe)) Com-pon'ent )

[0424] A component (A") may be a propylenic polymer whichis a propylene homopolymer polymerized using a met-
allocene catalyst and also may be a propylenic polymer which has been subjected 1o a preliminary polymerization with
a small amount (0.5 % by mole or less) of ethylene or an a-olefin having 4 to 20 carbon atoms, wherein the % isotactic
pentad (% mmmm), which is indicative of the stereoregularity of the polypropylene, is 80 to 99%, more preferably 85 to
97 %, the intrinsic viscosity [} is 1.0 to 2.0 dl/g, more preferably 1.5 to 1.8 dvg, and the molecular weight distribution
(Mw/Mn ratio) is 3.5 or less, more preferably 3.0 or less. '

[0425] A % isotactic pentad referred herein means the proportion (%) of the propylene structure units each having
a meso-structure (mmmm structure in which § methyl groups are aligned in the same direction) in 5 propylene structure
unit based on the assignment of the peaks in a B3C.NMR spectrum described by Chen H.N., Ewen J.A., Macro-
mol.cem., 1989, 180, 1350. Such proportion is abbreviated as a % meso-pentad.

[0426) A % isotactic pentad described above which is iess than 80 % may result in an insufficient fitm rigidity, while
that exceeding 99 % may result a disadvantageous reduction in the impact resistance of a film.

[0427]) An intrinsic viscosity [n] is usually preferable to be within the range from 1.0 to 2.0 di/g for the purpose of a
better film moldability, and one less than 1.0 dV/g results in insufficient tensile strength and rigidity of a film, while one
exceeding 2.0 dVg may cause a reduced flowability which may lead to a poor moldability.

[0428] Furthermore, a molecular weight distribution (Mw/Mn ratio) exceeding 3.5 may cause an impairment in the
balance between the rigidity and the heat seal performance of a fimora reduction in the anti-blocking performance.
{0429] A propylenic polymer as a component (A') employed in this invention can be produced by a polymerization
in the presence of a metallocene catalyst comprising a cyclopentadienyl group-carrying compound of a transition metal
of Group IV in the periodic table and a methylaluminoxane or a compound capable of forming an ionic complex by react-
ing with a compound of a transition metal of Group IV in the periodic table and an organic aluminium compound.
[0430] A main catalyst, which is a cyclopentadienyl group-carrying compound of a transition metal of Group IV in
the periodic table may be a compound of zirconium, titanium and hafnium having as a ligand a multi dentate coordina-
tion compound in which at least two groups selected from the group consisting of cycloalkadienyl groups or their sub-
stituted derivatives, typically, an indenyl group, a substituted indenyi group and its partially hydrogenated derivative are
bound via a lower alkylene group or silylene group. Thus, a transition metal compound may be ethylene-bis-(indenyl)zir-
conium dichloride described by H.H.Brintzinger et al. in J.Organometal. Chem., 288, 63 (1985), or ethylene-bis-(inde-
nyhhafnium dichloride described in J.Am.Chem.Soc., 109, 6544 (1987), and a stereorigid chiral compound of zirconium
and hafnium compounds such as dimethylsilylbis(2,4-dimethylcyclopentadienyl)zirconium dichloride, dimethyisilyl-
bis(2,4,5-trimethyicyclopentadienyl)zirconium dichloride and hatnium dichlorides of the similar complexes, as described
by H.Yamazaki et al. in Chemistry Letters, 1853 (1989).

[0431] Those exemplified typically are ethylenebis(indenyi)zirconium dichioride, ethylenebis(4,5,6,7-tetrahydro-1-
indenyl)zirconium dichloride, ethylenebis(4-methyi-1 -indenyl)zirconium dichloride, ethylenebis(5-methyl-1-indenyl)zir-
conium dichloride, ethylenebis(6-methyl-1-indenyl)zirconium dichloride, ethylenebis(7-methyl-1-indenyl)zirconium

63




10

15

‘EP 1 095 951 A1

dichioride, ethylenebis(2,3-dimethyl-1-indenyl)zirconium dichloride, ethylenebis(4,7-dimethyl-1-indenyl)zirconium
dichloride, ethylenebis(indenyl)hafnium dichloride, ethylenebis(4,5,6,7-tetrahydro-1-indeny)hafnium dichloride, ethyl-
énebis(d-méthyl-1-indenyl)hafnium dichloride, ethylenebis(5-methyl-1-indenyl)hafnium dichloride, ethylenebis(6-,
methyl-1-indenyl)hatnium dichloride, ethylenebis(7-methyl-1-indenyl)hafnium dichloride, ethylenebis(2,3-dimethyl-1-
indenyl)hafnium dichloride,ethylenebis(4,7-dimethyl-1-indenyl)hafnium dichloride, dimethylsilylenebis(indenyl)zirco-
nium dichloride, dimethyisilylenebis(indenyl)hafnium dichloride, dimethylsitylenebis(4-methylindenyl)zirconium dichlo-
ride, dimethylisilylenebis(indenyl)hafnium dichioride, dimethylsilylenebis(2,4,5-trimethylcyclopentadienyl)zirconium
dichloride, dimethyisilylenebis(2,4,5-trimethylcyclopentadienyl)hafnium dichloride, dimethylsilylenebis(2,4-dimethylcy-
clopentadienyl)zirconium dichioride, dimethyisilylenebis(2,4-dimethylcyclopentadienyl)hafnium dichloride, dimethylsi-
lylenebis(3-methylcyclopentadienyl)zirconium dichloride, dimethyisilylenebis(3-methylcyclopentadienyl)hafnium
dichloride, dimethylsilylenebis(2-methyl-4-phenylindenyl)zirconium dichloride, dimethylsilylenebis(benzoindenyl)zirco-
nium dichloride and the like.

{0432] Those which may also be exemplified are (dimethylsilylene)(diméthylsilylene)-bis(indenyl)zirconlum dichlo-

_ ride, (ethylene)(ethylene)-bis(indenyl)zirconium dichloride, (ethylene)(ethylene)-bis(3-methylindenyl)zirconium djchlo-

ride, (ethylene)(ethylene)-bis(4,7-dimethylindenyl)zirconium dichloride and the like, as well as those obtained by
replacing zirconium in these compounds with hafnium.or titanium.

- [0433] As a compound capable of forming an ionic complex by reacting with a compound of a transition metal of

Group IV in the periodic table which is a promoter, those employed preferably may for example be a tetra(pentafluor-
ophenylborate anion-containing compound such as triphenylcarbynium tetrakis(pentafluorophenyl)borate, N,N-
imethylanilinium tetrakis(pentafluorophenyl)borate, lithium tetrakis (pentafluorophenyl)borate and the like, as well.as a
tetra(pentafluorophenyl)aluminate anion-containing compound such as triphenylcarbynium tetrakis(pentafiuorophe-
nyl)aluminate, N,N-dimethylanilinium tetrakis(pentafiuorophenyi)aluminate, lithium tetrakis(pentafiuorophenyl)alumi-
nate. . ’
[0434] An organic aluminium compound is one having at least one Al-C binding in its molecule. Typically, such
organic aluminium compound may for example be a trialkylaluminium such as triethylaluminium, triisobutylaluminium,
trihexylaluminium and the like, a dialkylaluminium halide such as diethylaluminium halide, diisobutylaluminium halide
and the like, a mixture of a trialkylaluminium and dialkylaluminium halide, and an atkylalumoxane such as tetraethyldi-
alumoxane, tetrabutylalumoxane and the like.
[0435] Among these organic aluminum compounds, those employed preferably are a trialkylaluminium, a mixture
of a trialkylaluminium and a dialkylaluminium halide and an alkylalumoxane, with triethylaluminium, triisobutylalumin-
ium, a mixture of triethylaluminium and diethylaluminium chloride and tetraethyldialumoxane being particularly pre-
ferred. As an organic aluminium, those employed preferably are triethylaluminium, triisobutylaluminium and the like.

[0436] These metallocene-based catalyst and/or promoter may be employed also as being supported on a carrier,

and such carrier may for example be an organic compound such as polystyrene as well as an inorganic oxide such as
silica, alumina and the like.

[0437) A polymerization method may be a bulk polymerization, a solution polymerization, a vapor phase polymeri-
zation, a suspension polymerization and the like, and may be performed as a batch process or a continuous process.
[0438] It is also possible that a small amount of a-olefin such as ethylene, propylene, 1-butene, 4-methyl-1-pentene
and the like is used to perform a preliminary polymerization. )

[0439] A polymerization is conducted at a temperature usually of -50 to 250 °C, preferably 0 to 150 °C, for a period
usually of 1 to 10 hour(s), at a pressure usually of atmospheric pressure to 300 kg/cm?-G.

(2) Component (B")

[0440) A component (B') may be a propylene homopolymer polymerized using a metallocene catalyst and also may
be a propylenic polymer which has been subjected to a preliminary polymerization with @ small amount (0.5 % by mole
or less) of ethylene or an a-olefin having 4 to 20 carbon atoms, wherein the intrinsic viscosity [n)] is 0.01 to 1.0 dl/g, more
preferably 0.1 to 0.8 dV/g and the molecular weight distribution (Mw/Mn ratio) is 3.5 or less, more preferably 3.0 or less.
[0441] An intrinsic viscosity [n] less than 0.01 dlI/g may cause a stickiness in a film, while one exceeding 1.0 di/g
tails to improve the balance between the rigidity and the heat seal performance of a film.

[o442] On the other hand, a molecular weight distribution {(Mw/Mn ratio) exceeding 3.5 results in an impairment in
the balance between the rigidity and the heat seal performance of a film or a reduction in the anti-blocking performance.
[0443] While the % isotactic pentad (% mmmm) of a component (B") is not particularly limited, it is preferably 80 to
99 % for the purpose of a better film rigidity. In addition, it is preferred that the crystallization temperature Tc of a com-
ponent (B is higher than that of a component (A).

[0444] A polymerization of a component (B') may basically use a metallocene-based catalyst and the promoter sim-
ilar to those employed for the propylenic polymer as a compound {A") described above, and the production may be per-
formed also by the similar polymerization method. :
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- (3) Incorporation '

[0445] An inventive propylenic polymer composition employs the incorporation ratio (ratio in % by weight) of a com-
ponent (A") and a component (B ) which is 99 to 50: 1 to 50. More preferably, the ratio i is 99 to 75:1 to 25, particularly-99
to-80:1 to 10. o
[0446] Acontentofa component (B) less than 1 % may results in a deteriorated heat seal performance, while that
exceeding 50 % by weight results in an impairment in the balance between the rigidity and the heat seal performance
of a film. .
[0447] When combining a component {A) with a component (B) or a component (A") with a component (B') accord-
ing to the invention, various additives such as nucleating agent, heat stabilizing agent, antioxidant, weathering agent,
neutralizing agent, slipperiness-imparting agent, anti-blocking agent, glidant, dye, pigment, filler, anti-frosting agent,
antistatic agent and the like may be incorporated as desired.
[0448] A propylenic polymer composition can be obtained by mixing respectlve components described above using
Henschel mixer, V blender, ribbon blender, tumbler blender and ‘the like, followed by kneading the mixture using a
kneading device such as single- or multi-screw extruder, kneader, Banbury mixerand the like.
[4] An inventive propylenic polymer composition can.be applied also to an injection molding, a blow molding, an
extrusion molding and the like, among which the applicatior to a cast-molded or inflation-molded film is especially
preferred. The thickness of a film may vary depending on the use’s, and is usually about 5 to 500 pm. A film
described above can not only be used as a single-layered film but can also be fabricated into a multi-layered mm
by means of a co-extrusion film forming process, and is used preferably also as an oriented ﬂlm ’ ’

[VI] Seventh invention
[0449] The seventh invention is detailed below. -

[1] A resin compaosition in this invention is a propylemc resin comprising 99 to 50 % by weight of a propylene-a-ole-
fin copolymer (A") having the following charactenstlw (a1) to (ab):

(at1) the intrinsic viscosity [n] is 0.5 to 5 dl/g, preferably. 0.7 to 2.5 dl/g, more preferably 1.0 to 2.0 dig;

(a2) the molecular weight distribution (Mw/Mn) is 3.5 orless, preferably 3.0 or less, more preferably 2.5 or less;
(a3) the stereoregularity index (P) is 5 to 99 % by mole, preferably 55 to 95 % by mole, more preferably S5 to
90 % by mole:; :

(a4) itis a propylenic random copolymer produced by copolymerizing propylene and ethylene and/or an a-ole-
fin having 4 to 20 carbon atoms, in which the ethylene and/or an é¢-olefin having 4 to 20 carbon atoms is con-
tained in an amount of 1 to 30 % by mole; and,

(a5) the amount of the components which are dissolved out at 0 °C or lower in a temperature- raxslng fractional
chromatography (TREF) is 10 % by weight or less, preferably 8 % by weight or less, more preferably 5 % by
weight or less;

and, . . .
1 to 50 % by weight or a propylenic polymer (B') capable of forming an eutectic with a component (A") under a rapid
cooling condition upon film formation.

Since a propylene-a-olefin copolymer as a component (A") which has a narrow molecular weight distribution is
analogous in its nature to a single component material (a copolymer whose molecular weight and comonomer ratio
are uniformn), it has a smaller amount of a polymer having a different stereoregularity or a low molecular weight pol-
ymer which serves as a cystallization nucleus at the initial stage of the crystallization, resulting in a difficulty in the
crystallization, which leads to an increase in the supercooling degree (difference in temperature between the melt-
ing point and the crystallization temperature) which is indicative of a crystallization profile.

In this invention, by means of an eutectic formation of a propylene-a-olefin copolymer as a component (A’) hav-
ing a narrow molecular weight distribution with other propylene polymer as a component (B') under a rapid cooling
condition upon film formation, an improvement in the moldability, which is difficult to be achieved with a single pro-
pylene-a-olefin copolymer, can be achieved, and a cast film whose rigidity and seal temperature are well-balanced
can be obtained.

In general, a determination of a crystallization temperature in an almost equilibrated process of a crystal
growth such as in a differential scanning calorimetry (DSC) may involve a difficulty in an eutectic formation and may
exhibit a supercooling degree which is observed to be reduced only slightly.

On the contrary, a heat molding of a film or sheet employs a rapid coofing for setting (non-equilibrated process
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'ota crystal growth) which allows an eutectic to be formed readily, and this eutectic formation contributes to the
.improvement in the physical characteristics and in the moldability. '

Thus, a component (B") in this invention may be one capable of formlng an eutectic with a componeént (A') .
under a rapid cooling condition upon film formation (on the basis of the resin temperature at the exit of a die of 191
°C, the chill roll temperature of 30 °C, the film thickness of 25 y, the haul-off speed of 6 mm/min). :

A eutectic formation of a polymer in this invention is defined so when the peak top observed in a fusion endo-
thermic curve obtained by subjecting a film, which has just been molded, to a differential scanning calorimetry
(DSC) is single and the crystallization temperature of this film is higher than that of a component (A") and lower than
that of a component (B'). This eutectic formation of a polymer is understood to be a process in which one polymer
undergoes an initial crystal formation utilizing the other polymer as a crystallization nucleus and a subsequent crys- .
tal growth takes place. ’ ' .

While a propylene-a-olefin copolymer as a component (A’) employed in this invention is a polypropylene which

s polymerized with a homogeneous catalyst such as a metallocene catalyst using a known production method’

such as vapor phase and solution polymerizations, any catalyst having a performance close to that of a homoge-
neous system, l.e., ability of providing a polymer having the parameters shown in the sections (a1) to (a5)
destribed above, may be employed even if it is a supported catalyst such as a Ziegler-Natta catalyst. Typical cata-
lysts and production examples are discussed later in above [4] [Examples of production of resins and films}, and
the methods for determining the parameters shown in the sections (a1) to (a5) described above are discussed later
in the part of [Examples). ) ¢

An intrinsic viscosity [n] less than 0.5 dl/g results in a shortcoming in the mechanical strength of a film such as
tensile strength and rigidity, while one higher than 5.0 di/g results in a difficulty in extrusion moldings such as cast
molding, and a molecular weight distribution (Mw/Mn) exceeding 3.5 results in an impairment in the balance
between the rigidity and the heat seal performance of a film or a reduction in the anti-blocking performance. A %
isotactic pentad {mmmm % by mole), which is a stereoregularity index (P), less than 50 % by mole results in a tower
rigidity of a film, while one exceeding 90 % by mole results in a disadvantageously poor impact resistance of a film.

This invention is also a propylenic random copolymer produced by copolymerizing propylene and ethylene
and/or an a-olefin having 4 to 20 carbon atoms, and an a-olefin whose number of the constituent carbon atoms
exceeds 20 exhibits a low activity which leads to a residual oil, and the amount of ethylene and/or an a-olefin having
4 to 20 carbon atoms less than 0.1 % by mole gives a less improving effect, while that exceeding 30% by mole in
results in a difficulty in the molding. '

An amount of the components which are dissolved out at 0 °C or lower in a temperature-raising fractional chro-
matography (TREF) exceeding 10 % by weight results in a disadvantageously apparent stickiness in a film. Thus,
a polypropylene having a higher level of a copolymer of a low «-olefin content which may serve as a stickiness-
impairing component in a film is intended to be excluded even if its molecular weight is adjusted to 3.5 or less by
subjecting a propylene-a-olefin copolymer which is obtained using a conventional catalyst and has a broad molec-
ular weight distribution and a broad range of the comonomer ratio in the copolymer {a mixture of copolymers having

" different comonomer ratio) to a decomposition using a peroxide.

A propylene homopolymer as a component (B') may be one capable of formmg an eutectic with a propylene
homopolymer as a component (A').

In general, one having a sterecregularity and a molecular weight which are different from those of a propylene-
o-olefin copolymer as a component (A") can induce a crystallization nucleus and form an eutectic. Accordingly, a
propylene homopolymer, a propylene-a-olefin copolymer, which has a molecular weight which is smaller than that
of a component (A') may be exemplified. Among these, a propylenic polymer whose stereoregularity index (P) is -
preferably 85 % by mole, more preferably 90 % by mole, particularly 85 & by mole is desirable.

Such component (8') may also be produced by a known method simitarly to a component (A") discussed above.
An inventive resin composition is a polypropylenic resin composition comprising 99 to 50 % by weight, more pref-
erably 99 to 80 % by weight of a component (A"), and 1 to 50 % by weight, more preferably 1 to 20 % by weight of
a component (B').

An amount of a component (B') less than 1 % by weight results in deteriorated heat seal performance and
moldability, while that exceeding 50 % by weight results in an impairment in the balance between the heat seal per-
formance and the rigidity of a film. -

A film produced by a cast molding using a resin composition whose crystallization profile is improved has a
higher ability of improving the physical characteristics and a higher ability of improving the moldability, and a result-
ant cast-molded film has a tensile modulus in the direction of MD (TM(MPa) and a heat seal temperature (HST(°C))
are expected to be in the relationship represented by the following Formula (11):

TM222 x HST - 1850 {m;
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more préferabty by the following Formula (II'):

TM222 x HST - 1800 ~ . L an.

Formula [i1] reflects the fact that the effect according to the invention serves to allow the heat seal temperature
(HST(°C)) to be further lowered (whereby achieving an intended seal pealing strength at a lower temperature) and
also serves to allow the film tensile modulus {rigidity) to be improved. .

[2] Also this invention is a polypropylenic resin composition which is includgd in the invention [1] described above
and in which the crystallization temperature (TcB °C) of a component (B) determined by a differential scanning cal-
orimeter is higher by 0 to 40 °C than that {TcA °C) of a component (A). -

Thus, a component (B) capable of forming an eutectic with a component (A) exhibits a higher physical charac-
teristics-improving effect when the difference in the. crystallization temperature between the two components
becomes greater, but a difference exceeding 40 °C results in a dufflculty in forming an eutectic, which may lead to
no physical characteristics-improving effect aocordlng to the: mventlon to be expected. More preferably, TeB is
higher by 10 to 40 °C than TcA.

[3] Furthermore, this invention is a polypropylenic resin comprising-a copolymer (A) of propylene and an a-olefin’

having § or more carbon atoms and a propylenic polymer (B) having a crystallization temperature determined by a

differential scanning calorimetry which is higher than that of the component (A), wherein (A) is present in an
. amount of 55 to 99 parts by weight and (B) in an amount of 45 to 1 parts by weight.

[0450] In this irivention, a copolymer (A) should be a copolymer of propylene and an a-olefin having 5 or more car-
bon atoms. A propylene homopolymer is not preferred since it gives an insufficient low temperature heat seal perform-
ance. An a-olefin having 5 or more carbon atoms is not particularty limited, and may typically be 1-pentepe, 4-methyl-
1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, 1-dodecene, 1-tridecene, 1-tetradecene, 1-penta-
decene, 1-hexadecene, 1-heptadecene, 1-octadecene and the like. Among these a-olefins, at least one of 1-octene, 1-
dodecene and 1-decene is employed to perform a preferable copolymerization with propylene. When an ethylene unit
or a 1-butene unit is employed as an a-olefin, the ability of lowering the melting point of a polypropylene becomes lower
than when an a-olefin having 5 or more carbon atom is employed, resulting in an insufficient ability of improving the low
temperature heat seal characteristics.

[0451] Also in this invention, it is preferable that a copolymer (A) satisfies the following requirements (A-1) or (A-2):

(A-1) when the main elution peak temperature of a temperature-raising fractional chromatogram is Tp, the amount
(W(A)p) of the components dissolved out within the temperature range from (Tp-5) °C to' (Tp+5) °C is 70 % by
weight or more; and,

(A-2) the amount (W(A)0) of the components dissolved out at O °C or lowerin a temperature raising fractional chro-
matography is 3 % by weight or less.

[0452] In this context, W(A)p is more preferably 75 % by weight or higher, particularly 80 % by weight or higher. A
W(A)p less than 70 % by weight means a broad composition distribution, which allows the peaks other than the main
elution peak to appear on a TREF curve or which allows the main elution peak to exhibit a long tailing in the direction
of the high or low temperature. Such case is excluded from the preferable range because of the reasons described
below. Thus, when the main elution peak exhibits a tailing in the direction of the high temperature or when a secondary
peak is observed at a higher temperature than the temperature at which the main elution peak is observed, the heat
seal performance tends to be insufficient. On the contrary, when the main elution peak exhibits a tailing in the direction
of the low temperature or when a secondary peak is observed at a lower temperature than the temperature at which the
main elution peak is observed, a resultant film, fiber, sheet or molded article exhibits a disadvantageous stickiness.
W(A)0 is preferably 2 % by weight or less. More preferably, it is 1.5 % by weight or less. A value of W(A)0 exceeding 3
% by weight results in a resultant film, fiber, sheet or molded article which may exhibit a disadvantageous stickiness.
[0453] - Alsoin this invention, it is preferable that a copotymer (A) satisfies at least one of the following requirements
(A-3), (A-4) or (A-5):

{A-3) a copolymer (A) contains an a-olefin unit having 5 or more carbon atoms in an amount (a % by mole) of 0.1
to 12 % by mole;

(A-4) the stereoregularity index (P) of a copolymer (A) is 85 % by mole or higher; and,
{A-5) a copolymer (A) has an intrinsic viscosity [n) determined in a decalin at 135 °C ranges from 0.5 to 3.0 dg.

[0454] In this invention, it is preferable that a copolymer (A) contains an a-olefin unit having 5 or more carbon atoms
in an amount (o % by mole) of 0.1 to 12 % by mole. More preferabty the amount is 0.2 % by mole or higher and not more
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thah' 11 % by mole. Particularly, the amount is 0.3 % by mole or higher and not more than 10 % by mole. An amount
less than 0.1 % by mole may result in an insufficient ability of improving the heat seal performance. On the other hand,
an amount exceeding 12 % by mole causes an reduction in the copolymer crystallinity which may lead to a disadvan- .
tageously poor rigidity. The stereoregurality index (P) is more preferably 90 %'by mole or higher. Particularly, it is 95 %
by mole or higher. A stereoregularity index (P) less than 85 % by mole causes an reduction in the copolymer crystallinity -

~ which may lead to a poor rigidity. A stereoregularity index (P) is a % isotactic moiety in a triad unit determined by '3C-

NMR, and the method for determination is detailed in Examples. The value of [n] is preferred to be within the range from
0.5 to 3.0 dig, a value departing from which may cause a poor molding performance.

[0455] In this invention, the melting point (Tma °C) of a copolymer (A) determined in a differential scanning calor-
imetry is in the relationship represented the following formula:

Tma<140 °C and Tma<160-7a ' (2>);‘

mere preferably by the following formula:

i Tmas<130 °C and Tma<155-7a 3);
further preferably by the following formula:

‘ Tma<120 °C and Tma<150-7a : {4);

particularly by the following formula:

Tma<115 °C and Tma<145-7a ) (5).

. .[0456] A value of Tma departing from the range specified above may result in an insufficient low temperature heat

seal performance.

[0457] - Inthis invention, a propylenic polymer (B) should has a crystallization temperature determined by a dlfferen-
tial scanning calorimeter which is higher than that of a copolymer (A). The composition and the structure of a propylenic
polymer (B) is not particularly limited, and one which may be employed is a polypropylene homopotymer or a copolymer
of propylene with other a-olefin. As a polypropylene homopolymer, an isotactic polypropylene having a higher stere-
oregularity is preferred. Typically, one employed preferably has a % isotactic pentad, which is an index of the stereoreg-
ularity, of 85 % by mole or higher, more preferably 90 % by mole or higher, particularly 95 % by mole or higher. A %
isotactic pentad referred herein is a % isotactic moiety in a triad unit determined by '*C-NMR, and is a value obtained
as a ratio of the signal intensity of 21.7 to 22.5 ppm to the total signal intensity of 19.8 to 22.5 ppm. '3C-NMR is deter-
mined in the manner similar to that employed for determmining the comonomer content («) and the stereoregularity index
(P) of a copolymer (A).

[0458] A copolymer of propylene with other a-olefin may for example be an ethylene/propylene copolymer, an eth-
ylene/1-butene/propylene copolymer or a 1-butene/propylene copolymer. A preferred ethylenelpropylene copolymer
may for example be one described in JP-A-8-288052 or JP-A-8-313210.

[0459] A preferred ethylene/1-butene/propylene copolymer may for example be one descrlbed in JP-A-9-209210 or
JP-A-9-222356. Each of these copolymers of propylene and other a-olefins is characterized by a high stereoregutarity
of a propylene chain and a higher crystallinity in spite of a low melting point.

[0460] The melt index of a propylenic polymer (B) is preferably 0.1 to 100 g/min. A propylenic polymer (B) having a
crystaliization temperature determined by a differential scanning calorimeter which is lower than that of a copotymer (A)
fails to obtain the moldability-improving effect which is an objective of the present invention.

[0461] An inventive propylenic resin should consist of 55 to 99 parts by weight of a copolymer (A) and 45 to 1 part(s)
by weight of a propylenic polymer (B). A copolymer (A) content less than 55 parts by weight results in an insufficient
ability of improving the low temperature heat seal performance. A propylenic polymer (B) content less than 1 part by
weight results in no moldability-improving effect. It is preferfed to combine 65 to 98 parts by weight of a copolymer (A)
with 35 to 2 parts by weight of a propylenic polymer (B). It is further preferred to combine 75 to 95 parts by weight of a
copolymer (A) with 25 to 5 parts by weight of a propylenic polymer (B).

[0462) An inventive propylenic resin is preferred when the crystallization temperature (Tca °C) of a copolymer (A)
and the crystallization temperature (Tcb °C) of a propylenic polymer (B), as determined by a differential scanning calor-
imetry, are in the relationship represented by the following formula:

Teb-Tca220 o)
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more preferably by the following formula:
Tcb-Tca230 , GE

and, '
most preferably by the following formula:

Tcb-Tea40 , .
[0463] A small d:fference in the crystallization temperature between a copotymer (A) and a propylenic polymer (B)
results in a low moldablhty improving effect.

[0464] - Aninventive propylenic resin is preferred when a propylenic polymer (B} has the melting point (Tmb °C) and
the crystallization temperature (Tcb °C), as determined by a differential scanmng calorimetry, are in the relationship
represented by the following formula:

L | Tmb-Tcb<50 . | | ®);
more preferably by the following formula: - ' l
TmbTcbsas . - ©);
and, A
most preferably by the following formula:
Tmb-Tcb<d0 . - ' o)

[0465] A propylenic polymer (B) having a smaller difference between the melting point and the crystaliization tem-
perature may have a smaller adverse effect on the low temperature heat seal performance.

[0466] An inventive propylenic resin is preferred when it satisfies, upon being subjected to a temperature-ralsmg
fractional chromatography, the following requirements (1), (2) and (3):

(1) when the main elution peak temperature is Tp, the amount (W(H)p) of the components dissolved out within the
temperature range from (Tp-5) °C to (Tp+5) °C is 65 % by weight or more;

(2) the amount (W(H)0) of the components dissolved out at 0 °C or lower is 3 % by weight or less; and,

(3) the amount (W(H)10) of the components dissolved out at Tp+10 °C or higher is 1 to 45 % by weight, based on
the total weight. ,
[0467) A more preferred W(H)p is 70 % by weight or higher. A further preferred W(H)p is 75 % by weight or higher.
A particularty preferred W(H)p is 80 % by weight or higher. A value of W(H)p less than 65 % by weight makes the low
temperature heat seal performance disadvantageously insufficient. A more preferred W(H)0 is 1 % by weigthit or less. A
further preferred W(H)0 is 1.5 % by weight or less. A value of W(H)O exceeding 3 % by weight results in a disadvanta-
geously reduced anti-blocking ability.

[0468] A more preferred W(H)10 is 2 to 35 % by weight. A further preferred W(H)1 0is3to 25% by weight. A par-
ticularly preferred W(H)10 is 4 to 20 % by weight. A value less than 1 % by weight may cause a poor molding phenom-
enon, while one exceeding 45 % by weight makes the low temperature heat seal performance disadvantageously
insufficient. '

[0469] An inventive propylenic resin is preferred when the peak top temperature on the side of the maximum tem-
perature on the crystallization curve, as determined by a differential scanning calorimetry, is 85 °C or higher.

[0470] A more preferable peak top temperature is 90°C or higher. A further preferable peak top temperature is 95
°C or higher. A particularly preferable peak top temperature is 100 °C or higher. A peak top temperature below 85 °C
results in a lower moldability-improving effect.

[0471] An inventive propylenic resin is preferred when the peak top temperature on the side of the minimum tem-
perature on the crystallization curve, as determined by a differential scanning calorimetry, is 150 °C or lower.

[0472] A more preferable peak top temperature is 140 °C or lower. A further preferable peak top temperature is 130
°C or lower. A particularly preferable peak top temperature is 120 °C or lower. A peak top temperature exceeding 150
°C results in an insufficient low temperature heat seal performance.
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[4] TMethod for producing resins and films]

[0473] ina propylenic resin according to the invention, a copolymer (A') or {(A') can be obtained by a polymerization

in the manner described in Examples, which is not limiting, and any method for producing a copolymer specified above
may be employed. :
[0474] - A catalyst employed preferably in the production is a metaliocene catalyst obtained by combining a metal-
locene-based transition metal compound with an organic aluminium compound or a boron compound. In this context, a
metallocene-based transition metal compound may for example be a compound of a transition metal selected from
Group IVB, such as titanium, zirconium and hafnium, to which one or two cyclopentadienyl, substituted cyclopentadi-

enyl, indenyl, substituted indenyl, tetrahydroindenyl, substituted tetrahydroindenyl, fiuorenyl or substituted fluorenyl, .

groups are bound, or to which two of these groups crosslinked covalently to each other are bound, and which further
contains hydrogen atom, oxygen atom, halogen atom, alkyl, alkoxy, aryl, acetylacetonato, carbonyl group, nitrogen-,
oxygen-, sulfur-, phosphorus- silicon-containing ligand.

[0475) ° An orgénic aluminium compound may be any of various aluminoxane compounds. One preferred particu-
larly is methylaluminoxane. Otherwise, an organic aluminium compound such as trimethylaluminium, triethylaluminium,
triisobutylaluminium and the like may be used in combination.

[0476] A boron compound can preferably be used as an ionizing agent. Such boron compound may for example be
3 trialkyl-substituted ammonium salt such as triethylammonium tetrapgenylborate, or an N,N-dialkylanilinium salt such
as N,N-dimethyttetraphenylborate, a phenylboron compound such as trispentafluorophenyiboron and the like.

[0477) Such metallocene catalyst and/or an organic aluminium compound may be employed also as being sup-
ported on a carrier. In such case, a carrier may for example be an organic compound such as styrene as well as an
inorganic compound such as silica, alumina and the like.

[0478] It is also possible that a small amount of a-olefin such as ethylene, propylene, 1-butene, an a-oleﬁn having
5 or more carbon atoms and the like is subjected to a preliminary polymerization before use. i

[0478) . A copolymerization of propylene and ethylene or an a-olefin having 4 to 20 carbon atoms, i.e., a component
(A") or a copolymerization of propylene and an a-olefin having 5 or more carbon atoms, i.e., a component (A) may not
particularly be limited, and may be a bulk polymerization, a solution polymerization, a vapor phase polymerization, a
suspension polymerization and the like, and may be performed as a batch process or a continuous process.

[0480] A method for feeding each monomer to a reaction system is not particularly limited, and various methods
can be employed. The monomer ratio in a reaction system may not necessarily be constant always, and respective
monomers may be fed at a certain ratio, or such ratio may vary depending on the timings of feeding. A certain monomer
may be added portionwise considering the copolymer reactivity ratio. Alternatively, a gas mixture having a constant
monomer ratio is introduced continuously to a reaction system, from which an excessive gas is removed using a
exhaustion valve, whereby maintaining a constant monomer ratio in the reaction system. Hydrogen is also used as a
molecular weight adjusting agent.

[0481] A polymerization condition is not particularly limited and may be similar to that employed in a known method.
For-example, the polymerization temperature is usually -50 to 250 °C, preferably 0 to 150 °C. The reaction pressure is
atmospheric pressure to 300 kg/cm?g. The polymerization time is 1 minute to about 10 hours.

[0482] In a propylenic resin according to the invention, a propylenic polymer (B') or {B) can be obtained by a polym-
erization in the manner described in Examples, which is not limiting, and any method for producing a propylenic polymer
specified above may be employed.

[0483] A catalyst employed preferably is a catalyst formed from a solid catalyst component whose essential com-
ponent is magnesium, titanium and halogen, an organic metal compound catalyst component such as an organic alu-
minium compound, and an electron donor compound catalyst component such as a silane compound. In addition; a
metallocene-based transition metal compound described above combined with an organic aluminium compound, a
borane compound and the like, which is referred to as a metallocene catalyst, may also be employed preferably.
[0484] A polymerization condition is not particularly limited and may be similar to that employed in a known method.
For example, the polymerization temperature is 20 to 150 °C, and the reaction pressure is atmospheric pressure to 40
kg/em?. The polymerization time is 1 minute to about 10 hours. Hydrogen is also used as a molecular weight adjusting
agent. A comonomer such as ethylene, 1-butene, an a-olefin having 5 or more carbon atoms and the like may be copo-
lymerized as desired.

[0485] An inventive propylenic resin can be obtained by incorporating a copolymer (A') or (A) with a propylenic pol-
ymer (B') or (B), in a manner which is not limited. While the examples described later employ the separate productions
of a copolymer (A") or (A) and a propylenic polymer (B') or (B) followed by a incorporating step, to which no limitation is
made. For example, the first step reactor is used to polymerize a propylenic polymer (B), which is then transferred to
the second step reactor, in which propylene and an a-olefin having 5 or more carbon atoms are polymerized. In such
case, the catalyst in the second step is not necessarily identical to that in the first step, and any suitable catalysts may
be selected.
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. [0486] " To a propylenic resin in this invention, customary additives such as antioxidant, neutralizing agent, slipperi-

ness-imparting agent, anti-blocking agent and anti-static agent may be incorporated as desired.

[0487) An inventive propylenic resin may be molded into a film using a melt extrusion molding method. For example,
in a T die cast film-forming pracess, it can be used preferably to form a fitm having a thickness of 10 to 500 um even.in
a fast film-forming condition at a haul-off speed of 50 mm/min or even higher. It can also be employed preferably as at
least one layer in a laminated film production by means of a co-extrusion film-forming process.

[0488]. While as a film forming method a T die cast film-forming process in which a large film-forming machine is
used to effect a high speed film-forming is employed preferably, no limitation is made thereto, and with any film-forming

process capable of producing a film by a melt extrusnon molding, .an inventive propylenic resin can preferably be
empioyed.

[VIl1] Eighth invention . .
[0489] The eighth invention relates to a novel transition metal compound having a double crosslinking ligand useful
as an olefin polymerization catalyst, an olefin polymerization catalyst comprising.a compound capable of forming an

fonic complex by reacting said transition metal compound and a method for producing an olefinic polymer. An inventive -

transition metal compound [I], an olefin polymerization cat_alys"( [1] comprising a compound capable of forming an ionic
complex by reacting said transition metal compound, and a method for producing an olefinic polymer [ill] are detailed
below. oL

m Transmon metal compound

[0430] An inventive transition metal compound is a double crosslinking compound of a transition metal of Group 3
to Group 10 or of lanthanoids in the periodic table, which has the structure represented by Formula (Viil):

29

" (VIII)

wherein each of A3 and A% denotes a crosslinking consisting of Group XIV metal (C, Si, Ge, Sn) and may be same to
or different from each other, X* denotes a 6-binding or n-binding ligand, and when two or more X* are present they may
be same or different, YS is a Lewis base and when two or more Y? are present they may be same or different, and each
YS may be crosslinked with other Y5orx?4 qisan integer of 1 1o 5 and represents [(valency of M3)-2], r is an integer of
0 to 3, each of R?! to R3 denotes a hydrogen atom, a halogen atom, a hydrocarbon group having 1 to 20 carbon
atom(s), a silicon-containing group and a heteroatom-containing group, and M2 denotes a metal element of Group 3 to
Group 10 or of lanthanoids in the periodic table.

[0491] In Formuta (VII1) shown above, each of A3 and A? forms a crosslinking group consisting of Group IVX ele-
ment (C, Si, Gen) and may be same to or different from each other. A3 or A% may for example be a crosslinking group
represented by Formula (VIV):
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{ \

\ET
31/ \ 3y O

wherein E denotes C, Si, Ge, Sn, each of R®' and R% denotes a hydrogen atom, a halogen atom, a hydrocarbon group
having 1 to 20 carbon atom(s) or a halogen-containing hydrocarbon group having 1 to 20 carbon atom(s), and each may -
be same to or different from each other, or the both may be taken together to form a ring.

[0492] A halogen atom in Formula (VIV) may for example be a chlorine, fluorine, bromine or iodine atom. Examples
of a hydrocarbon group having 1 to 20 carbon atom(s) are an alkyl group such as methyl, ethyl, propyl, butyl, hexyl,

_cyclohexyl, octyl groups and the like, an alkenyl group such as vinyl, propenyl, cyclohexenyl groups and the like; an ary-

lalkyl group such as benzyl, phenylethyl, phenylpropy! groups and the like; and an aryl group such as phenyl, tolyl,
dimethylphenyl, trimetnylphenyl, ethylphenyl, propylphenyl, biphenyl, naphthyl, methylnaphthyl, anthracenyl,sphenanth-
nyl groups and the like. Among those listed above, an alkyl group such as methyl, ethyl, propy! groups and the like and
an aryl group such as phenyl group are preferred. A halogenated hydrocarbon having 1 to 20 carbon atom(s) may for
example be one of the hydrocarbon groups listed above which is substituted with a halogen atom. Among these, those
preferred are a halogenated alkyl group such as triflucromethyl, trichloromethyl groups and the like.

[0493] A crosslinking group consisting of a carbon atom in Formula (VIV) may for example be methylene, dimeth-
ylmethylene group; an alkylidene group such as ethylidene, propylidene, isopropylidene, cyclohexylidene and the fike;

. as well as 1,1-cyclohexylene and vinylidene groups. A crosslinking group consisting of a silicon atom may for example

be an alkylsilylene group such as methylsilylene, dimethylsilylene, diethylsilylene, di(n-propyl)silylene, di(i-pro-
pylsilylene, di{cyclohexyl)silylene and the like; an alkylarylsilylene group methylphenyisilylene, ethylphenylsilylene and
the like; and arylsilylene group such as diphenylsilylene, di(p-tolyl)silylene, di(p-chlorophenyl)silylene and the like. A
crosslinking group consisting of a germanium atom may for example be a germylene group obtained by replacing a sil-
icon atom in a crosslinking group consisting of a silicon atom listed above with a germanium atom. A crosslinking group
consisting of a tin atom may for example be a stannylene group obtained by replacing a silicon atom in a crosslinking
group consisting of a silicon atom listed above with a tin atom. One preferred as AlorAisa crosslinking group con-
sisting of a carbon atom or a crosslinking group consisting of a silicon atom. \

[0494} xYis a o binding or n-binding ligand, and such ¢-binding ligand may for example be a halogen atom, a
hydrocarbon group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, an aryloxygroup having
6 to°20 carbon atoms, an amide group having 1 to 20 carbon atoms, a silicon-containing group having 1 to 20 carbon
atoms, a phosphide group having 1 to 20 carbon atoms, a sulfide group having 1 to 20 carbon atoms, a sulfoxide group
having 1 to 20 carbon atoms and an acyl group having 1 to 20 carbon atoms, among which a halegen atom and a hydro-
carbon group having 1 to 20 carbon atoms are preferred. A halogen atom and a hydrocarbon group having 1 to 20 car-
bon atoms may be those described above. An alkoxy group having 1 to 20 carbon atoms may for example be an alkoxy
group such as methoxy, ethoxy, propoxy, butoxy groups and the like; and an aryloxy group such as phenoxy, methyphe-
noxy, dimethylphenoxy, naphthoxy groups and the like. An aryloxy group having 6 to 20 carbon atoms may for example
be phenylmethoxy, phenylethoxy groups and the like. An amide group having 1 to 20 carbon atoms may for example be
an alkylamide group such as dimethylamide, diethylamide, dipropylamide, dibutylamide, dicyclohexylamide, methyl-
ethylamide groups and the like, an alkenylamide group such as divinylamide, dipropenylamide, dicyclohexenylamide
groups and the like; an arylalkylamide group such as dibenzylamide, phenylethylamide, phenylpropylamide groups and
the like; and arylamide group such as diphenylamide, dinaphtylamide groups and the like. A silicon-containing group
having 1 to 20 carbon atoms may for example be a monohydrocarbon-substituted silyt group such as methyisilyl, phe-
nylsilyl groups and the like; a dihydrocarbon-substituted silyl group such as dimethylsilyl, diphenyisilyl groups and the
like; a trihydrocarbon-substituted silyl group such as trimethylsily), triethyisilyl, tripropylsilyl, tricyclohexyisily), triphenyls-
ilyl, dimethylphenyisilyt, methytphenyldisilyl, tritotylsilyl, trinaphthyisilyl groups and the like; a silyl ether group of a hydro-
carbon-substituted silyl group such as trimethylsilylether group; a silicon-substituted alkyl group such as
trimethylsilylmethyl group; and a silicon-substituted aryl group such as trimethylsilylpheny! group and the like. Among
those listed above, trimethylsilyl, phenethyldimethylsilyl groups are preferred. A sulfide group having 1 to 20 carbon
atoms may for example be an alkylsulfide group such as methylsulfide, ethytsulfide, propylsulfide, butylsulfide, hexyl-
sulfide, cyclohexylsulfide, octylsulfide groups and the like and an alkenylsulfide group such as vinylisulfide, propeny!
sulfide, cyclohexenyisulfide groups and the like; an arylalkylsulfide group such as benzylsuifide, phenylethylsulfide, -
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phenylpropyisulfide groups and the like; and an arylsulfide group such as pheﬁylsulﬁde. tolylsulfide, dimethylsuifide, tri-
methylphenylsulfide, ethylphenylsulfide, propylphenylsulfide, biphenylisulfide, naphthylsulfide, methylnaphthylsulfide,
anthracenyisulfide, phenanthnylsulfide groups and the like. A sulfoxide group having 1 to 20 carbon atoms may for
example be an alkylsulfoxide group such as methylsulfoxide, methylsulfoxide, propylsulfoxide, butylsulfoxide, hexylsul-
foxide, cyclohexylsulfoxide, octylsulfoxide groups and the like and an alkenylsulfoxide group such as vinylsulfoxide, pro-
penylsulfoxide, cyclohexenylsulfoxide groups and the iike; an awlalkyléulfoxnde group such as benzyl sulfoxide,
phenylethylsulfoxide, phenylpropylsulfomde groups and the like; and an arylsulfoxide such as phenylsuifoxide, tolylsul-
foxide, dlmethylphenylsulfomde trimethylphenylsulfoxide, ethylphenyisulfoxide, propylphenylisulfoxide, biphenyisulfox-
ide, naphthylsulfoxide, methylnaphthylsulfoxide, anthracenylsulfoxide, phenanthnylsulfoxnde groups and the like. An
acy! group having 1 to 20 carbon atoms may for example be an alkylacyl group such as formyl, acethyl, proplonyl
butyryi, valeryl, palmitoyl, thearoyl, oleoyl groups and the like; an arylacyl group such as benzoyl|, totuoyl, salicyloyl, cin-
namoyl, naphthoyl, phthaloy! groups and the like; oxalyl, malonyl and succiny! groups derived from dicarboxylic acids
such as oxalic acid, malonic acid and succinic abid, respectively, and the like. .

[0495] A w-binding ligand may for example be a conjugated diene bond-carrying compound having 4 to 20 carbon
atoms, a non-conjugated diene bond-carrying compound having 5 to 20 carbon atoms and the like. A conjugated diene

bond-carrying compouhd having 4 to 20 carbon atoms may for example. be 1,3-butadiisoprene, chloroprene, 1,3-pen-

tadiene, 1,3-hexadiene, 1,3,5-hexatriene, 1,3-heptadiene, 1,3,6-heptatriene, 1,4-diphenylbutadiene andthe like. A non-
conjugated diene bond-carrying compound having § to 20 carbon atoms may for example be 1,4-pentadiene, 1,4-hex-
adiene and the like. ' N

[0496] Characteristically, a o-binding ligand in x4 .gives an enhanced reactwlty with M3, On the other hand, a n-

binding ligand gives an increased activity.

[0497] ~ YSisa Lewis base and when two or more Y5 are present they may be same or different. Each Y5 may be
crosslinked with other Y% or X4, Y may optionally be crosslinked with a cyciopentadienyl ring in Formula _(VIII) Exam-
ples of Y5 are amines, ethers, phosphines, thioethers and the like. Amines magy for example be an amine having 1to 20
carbon atoms, and typically an alkylamine such as methylamine, ethylamine, propylamine, butylamine, cyclohexy-
lamine, methylethylamine, dimethylamine, diethylamine, dipropylamine, dibutylamine, dicyclohexylamine, methylethyl-
amine and the like and an alkenylamine such as vinylamine, propenylamine, cyclohexenyiamine, divinylamine,
dipropenylaine, dicyclohexenylamine and the like; an arylalkylamine such as phenylamine, phenylethylamine, phenyl-
propylamine and the like; and arylamine such as diphenylamine, dinaphthylamine and the like. Ethers may for example
be an aliphatic monoether compound such as methylether, ethylether, propylether, isopropylether, butylether, iso-
butylether, n-amylether, isoamylether and the like; an aliphatic mixed ether compound such as methylethylether, meth-
ylpropylether, methylisopropylether, methyl-n-amylether, methylisoamylether, ethylpropylether, ethylisopropylether,
ethylbutylether, ethyliobutylether, ethyl-n-amylether, ethylisoamylether and- the like; an aliphatic unsaturated ether com-
pound such as vinylether, allylether, methylvinylether, methylallylether, ethylvinylether, ethylallylether and the like; an
aromatic ether compound such as anisol, phenethol, phenylether, benzylether, phenylbenzylether, a-naphthylether, f§-
naphthylether and the like, as well as a cyclic ether compound such as ethylene oxide, propylene oxide, trlmethylene
oxide, tetrahydrofuran, tetrahydropyrane, dioxane and the like. An example of the phosphines may be a phosphme hav-
ing 1 to 20 carbon atoms. Those included typically are an alkylphosphine including a monohydrocarbon-substituted
phosphine such as methylphosphine, ethylphosphine, propyiphosphine, butylphosphine, hexylphosphine, cyclohexyi-
phosphine, octylphosphine and the like; a dihydrocarbon-substituted phosphine such as dimethylphosphine, diethyi-
phosphine, dipropylphosphine, dibutylphosphine, dihexylphosphine, dicyclohexylphosphine, dioctylphosphine and the
like; a trihydrocarbon-substituted phosphine such as dimethylphosphine, triethylphosphine, tripropylphosphine, tributyi-
phosphine, trihexylphosphine, tricyclohexylphosphine, trioctylphosphine and the like and a monoalkenylphosphine
such as vinylphosphine, propenylphosphine, cyclohexenylphosphine and the like as well as a dialkenyl phosphine
whose hydrogen atoms on the phosphorus were replaced with two alkenyl groups; a trialkenyl phosphine whose hydro-
gen atoms on the phosphorus were replaced with three atkenyl groups; an arylalkylphosphine such as benzylphos-
phine, phenylethylphosphine, phenylpropylphosphine and the like; a diarylalkyl phosphine or an aryldialkylphosphine
whose hydrogen atoms on the phosphorus were replaced with three aryi or alkenyl groups; phenyiphosphine, tolylphos-
phine, dimethyiphenylphosphine, trimethylphenylphosphine, ethylphenylphosphine, propylphenylphosphine, biphenyl-
phosphine, naphthylphosphine, methylnaphthylphosphine, anthracenylphosphine, phenanthracenyl phosphine; a
di(alkylaryl)phosphine whose hydrogen atoms on the phosphorus were replaced with 2 aklkylaryl groups; a tri(alky-
laryl)phosphine whose hydrogen atoms on the phosphorus were replaced with 3 aklkylaryl groups, and the like. An
example of the thioethers may be a sulfide mentioned above.

[0498] Each of R?! to R3® denotes a hydrogen atom, a halogen atom, a hydrocarbon group having 1 to 20 carbon
atoms, a silicon-containing group and a heteroatom-containing group, and a halogen atom may for example be chlorine,
fluorine, bromine, iodine atoms. A hydrocarbon group having 1 to 20 carbon atoms may for example be an atkyl group
such as methyt, ethyl, propyl, butyl, hexyl, cyclohexyl, octyl groups and the like and an aryl group such as phenyl, naph-
thyl groups and the like; an arylalkyl group such as benzyl, phenylethyl, phenylpropyt groups and the like; an aikylaryi
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grohb such as tolyl, xylyl groups and the like. A silicon-containing group may for example be a silicon-containing group
having 1 to 20 carbon atoms, typical examples of which are trimethylsilyl, trimethylsilylmethyl, triphenylsilyl groups and
the like. A héteroatom-conteining group may for example be a heteroatom-containing group having 1 to 20 carbon
atoms, typical examples of which are a nitrogen-containing group such as dimethylamino, diethylamino, diphenylamino
groups and the like, a sulfur-containing group such as phenylsulfide, methylsulfide groups and the like; a phosphorus--

. containing group such as dimethylphosphino, diphenylphosphino groups and the like; an oxygen-containing group such

as methoxy, ethoxy, phenoxy groups and the like. Those employed preferably as R?* to R®” are a hydrogen atom or a
hydrocarbon group having 1 to 20 carbon atoms.

[0499] M3 denotes a metal element of Group 3 to Group 10 or of lanthanoids in the periodic table, and is typically
titanium, zirconium, hafnium, vanadium, chromium, manganese, nickel, cobalt, palladium and lanthanoid metals. A .
metal element of Group 1V in the periodic table is preferable as M3 since it gives a higher activity.

[0500] = Apreferred represenfative of a transition metal compound represented by Formula (VIIl) shown above is one
wherein A3 and A* denotes a crosslinking group consisting of a carbon atom or a silicon atom which may be same to’

or different from each other; X? denotes a ¢-binding or n-binding ligand, and when two or more X4 are present they, may

be same or different; Y5 is a Lewis base and when two or more Y are present they may be same or different; each Y*
may be crosslinked with other Y5 or X% q is an integer of 1 to 5 and represents [(valency of M3)-2], r is an integer of O
to 3, each of R2! to R denotes a hydrogen atom or a hydrocarbon group having 1 to 20 carbon atoms; and M3 denotes
a metal element of Group IV in the periodic table. ' ’ ) :
[9501] A transition metal compound represented by Formula (Vi) shown above, when those of Group IV in the
periodic table are exemplified, includes (1,2'-dimethylsilylene)(2,1'-dimethylsilylene)bis(indenyl)zirconium dichloride,,
(1,2-dimethylsilylene)(2,1°-dimethylsilylene)bis(3-methylindenyl)zirconium  dichloride,  (1,2"-dimethylsilylene)(2,1'-
dimethylsilylene)bis(3-ethylindenyl)zirconium dichloride, (1,2'-dimethylsilylene)(2,1'-dimethylsilylene)bis(3-isopropylin-
denyl)zirconium dichloride, (1,2'-dimethylsi|ylene)(2,1‘-dimethylsilylene)bis(a'-trimethylsilylmethylindenyl)zirconiur‘n
dichloride,,  (1,2-dimethylsilylene)(2,1*-dimethylsilylene)bis(3-butylindenyl)zirconium  dichioride, (1,2'-dimethylsi-
lylene)(2,1'-dimethylsilylene)bis{4-methylindenyl)zirconium ~ dichloride, (1,2'-dimethylsilylene)(2,1'-dimethyisi-

. lylene)bis(4,7-dimethylindenyl)zirconium  dichloride, (1,2'-dimethylisilylene)(2,1'-dimethylsilylene)bis(5,6-dimethylin-

denyl)zirconium dichloride, (1,2'-phenylmethylsilylene)(2,1'- phenyimethylsilylene)bis(indenyi)zirconium dichloride,,
(1,2'-phenylmethyisilylene)(2,1'-phenylimethylsilylene)bis(3-methylindenyl)zirconium dichloride, (1,2'-dimethylsi-
lylene)(2,1'-isopropylidene)bis(indenyl)zirconium dichloride,, (1,2'-dimethylsilylene)(2,1'-isopropylidene)bis(3-methylin-
denyl)zirconium dichloride, (1,2'-dimethylsitylene)(2,1*-isopropylidene)bis(3-isopropylindenyl)zirconium dich!loride,
(1.2'-dimethylsilylene)(2,1'-isopropylidene)bis(3-n-butylindenyl)zirconium dichloride, (1,2'-dimethylsilylene)(2,1'-isopro-
pylidene)bis(3-trimethylsilylmethylindenyl)zirconium  dichloride, (1,2'-dimethylsilylene)(2,1'-isopropylidene)bis(3-tri-
methylsilylindenyl)zirconium  dichloride,  (1,2'-dimethylisilylene)(2,1'-isopropylidene)bis(3-phenylindenyl)zirconium
dichloride, (1,2'-dimethylsilylene)(2,1'-methylene)bis(indenyl)zirconium dichloride, (1,2'-dimethylsilylene)(2,1'-methyl-
ene)bis(3-methylindenyl)zirconium dichloride, (1,2'-dimethylsilylene)(2,1'-methylene)bis(3-isopropylindenyl)zirconium
dichloride, (1,2'-dimethylsilylene)(2,1'-methylene)bis(3-n-butylindenyl)zirconium dichloride, (1,2'-dimethyisilylene)(2,1'-
methylene)bis(3- trimethylsilylmethylindenyl)zirconium dichloride, (1,2'-dimethylsilylene)(2,1'-methylene)bis(3-trimeth-
yisilylindenyl)zirconium dichloride, {1,2-diphenylsilylene){2,1'-methylene)bis(indenyl)zirconium dichloride, (1,2'-diphe-
nylsilylene)(2, 1'-methylene)bis(3-methylindenyl)zirconium dichloride, (1,2'-diphenylisilylene)(2,1'-methylene)bis(3-n-
butylindenyl)zirconium dichloride, (1,2'-diphenylsilylene)(2,1'-methylene)bis(3-trimethylsilylmethylindeny!)zirconium
dichloride, (1,2'-diphenylisilylene)(2,1'-methylene)bis(3-trimethylsilylindenyl)zirconium dichloride as well as the com-
pounds cbtained by replacing zirconium in the compounds listed above with titanium or hafnium, while they are not fim-
iting. An analogous compound of a metal element of Groups other than Group |V or of lanthanoids. Preferably, a .
compound of a transition metal of Group IV in the periodic table, especially of zirconium is employed.

{I1] Olefin polymerization catalyst

[0502] An inventive olefin polymerization catalyst consists of (A) a transition metal element of Group 3 to Group 10
or of lanthanoids in the periodic table represented by Formula (VIIl) and (B) a compound capable of forming an ionic
complex by reacting with a transition metal compound as a component (A), optionally with (C) an organic aluminium
compound. : - =

[0503) In an inventive polymerization catalyst, a component (A) and a compound capable of forming an ionic com-
plex by reacting with a transition metal compound as a component (A).

[0504] One exemplified preferably as a component (B) is (B-1) an ionic compound capable of forming an ionic com-
plex by reacting with a transition metal compound as a component (A), (B-2) an aluminoxane, or (B-3) a Lewis acid,
because of its high polymerization activity and low catalyst cost.

[0505] A component (B-1) described above may be any ionic compound capable of forming an ionic complex by
reacting with a transition metal compound as a component (A), and may for example be one exemplified as a compo-
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nent (B- 1) in the first invention.

[0506] An ionic compound, which is a component (B-1), capab|e of formlng an ionic complex by reacting with a tran-
sition metal compound as a component (A) may be employed alone or in & combination with one or more.

[0507] ‘An aluminoxane as a component (B-2) may be any substance such as those described in the first invention
as a component (B-2). éuch aluminoxane may be employed alone orin a combination with one or more.

[0508] A Lewis acid as a component (B-3) is not particularly limited, and may be an organic compound or .a solid
inorganic compound. An organic compound employed preferably is a boron compound, an aluminium compound and
the like, while an inorganic compound employed preferably is a magnesium compound, an aluminium compound and
the like, because of their ability of forming an active center efficiently. Such aluminium compound may for example be
bis(2,6-di-t-butyl-4-methylphenoxy)aluminium methyl (1 1-bi-2-naphthoxy)aluminium methyl and the like, while a mag-
nesium compound may for example be magnesium chloride, diethoxymagnesium and the like, and an aluminium com-
pound may for example be aluminium oxide, aluminium chloride and the like, and a boron compound may for example
be triphenylboron, tris(pentafluorophenyi)boron, tris[3,5- bns(trrfIuoromethyl)pr\enyuboron tris[(4-fluorormethyl)phe-
nyiJboron, trimethylboron, triethylboron, tri-n-butylboron, tris(fluoromethyl)boron, tris{pentafluoroethyl)boron, tris(non-
afluorobutyl}boron, tris(2,4,6-trifluorophenyl)boron,  tris(3,5-difluorc)boron,  tris[3,5-bis(trifluoromethy!)phenyljboron,
bis(pentafluorophenyl)fluoroboron, diphenylfluoroboron, bis(pentafluorephenyl)chloroboron,  dimethylfiuoroboron,
diethylfluoroboron, di-n-butylfiuoroboron, pentaflucrophenyldifluoroboron, phenyidifiucroboron, pentafluorophenyl-
dichloroboron, methyldifluoroboron, ethyldifluoroboron, n-butyldifiuoroboron.and the like. .

[0509] Such Lewis acid may be employed alone or in a combination with- orle or more.

[0510] The molar ratio of a catalyst component (A) to a catalyst component (B) when employing a compound (B-1)
as a catalyst component (B) is preferably 10:1 to 1:100, more preferably 2:1 to 1:10, and a ratio departing from this "
range is not advantageous industrially because of an increased catalyst cost per unit weight of a polymer. When a com-
pound (B-2) is employed, the molar ratio is preferably 1:1 to 1:1000000, more preferably 1:10 to 1:10000. A ratio depart-
ing from this range is not advantageous industrially because of an increased catalyst cost per unit weight of a polymer.
[o511] The molar ratio of a catalyst component (A) to a catalyst component (B-3) is preferably 10:1 to 1:2000, more
preferably 5:1 to 1:1000, particularly 2:1 to 1:500, and a ratio departing from this range is not advantageous industrially
because of an increased catalyst cost per unit weight of a polymer. As a component {B), any one of, or, a combination
of two or more of components (B-1), (B-2) and (B-3) may be employed.

[0512] A polymerization catalyst according to the invention may comprise as main components a component (A)
and a component (B) described above, or may comprise as mam components a component (A), a component (B) and
an organic aluminium compound (C).

[0513]} An organic aluminium compound as a component (C) may be one listed as a component (C) in the first
invention.

[0514] Such organic aluminium compound may be employed alone or in a combination of two or more.

[0515]) The molar ratio of a catalyst component (A) to a catalyst component (C) is preferably 1:1 to 1:10000, more
preferably 1:5 to 1:2000, particularly 1:10 to 1:1000. By employing a catalyst component (C), the polymerization activity
per unit weight of a transition metal can be increased, but a too excessive amount, especially one departing from the
range specified above, is of no use, and results in a large amount of residue remalnmg in a polymer, while a too small
amount may fail to obtain a sufficient catalyst activity.

[0516]) Upon contact or after contact between components in this invention, a polymer such as polyethylene, poly-
propylene and the like, or an inorganic oxide such as silica, alumina and the like, is allowed to exist simultaneously or
to be in contact. A support on a carrier may be effected preferably as a support on a polymer, and such potymeric carrier
has a particle size of 1 to 300 um, preferably 10 to 200 um, more preferably 20 to 100 pm. A particle size smaller than
1 um results in increased microparticles in a polymer, while one exceeding 300 um results in increased coarse particles
in a polymer, which leads to a problematic reduction in the bulk density and a plugging of a hopper in a manufacturing
process. The specific surface area of a carrier when employed as discussed above is 1 to 1,000 m2/g, preferably S0 to
500 m2/gm, and a micropore void volume is 0.1 to 5§ m3/g preferably 0.3 to 3 m¥g.

[0517] A contact may be effected in an atmosphere of an inert gas such as nitrogen, and in a hydrocarbon such as
pentane, hexane, heptane, toluene, xylene and the like. While an addition or a contact of each component may of
course be effected at a polymerization temperature, a temperature of -30 °C to a boiling point of a solvent, especially
rcom temperature to a boiling point of a solvent is preferred.

{111} Method for producing olefin polymer
[0518] An inventive method for proeducing an olefin polymer is a method for producing a polymer wherein
[0519] An olefin is homopolymerized or copolymerized in the presence of an olefin-polymerizing catalyst obtained

by bringing (A) a transition metal element of Group 3 to Group 10 or of lanthanoids in the periodic table represented by
Formula (Viil) into contact with (B) a compound capable of forming an ionic complex by reacting with a transition metal
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compound as a componem (A) optionally together with (C) an organic alumlnlum compound. As an organic aluminium

compound (C), a compound represented by Formula (Vil) shown above is employed, and is preferably a trialkylalumin-

ium compound. Those particularly preferred are trimethylaluminium and triisobutylaluminium. In an inventive method for.
producing an olefin polymer, an organic aluminium compound (C) may be employed as being brought into contact pre-

liminarily with a component (A) and/or a component (B), or may be introduced first into a reactor and then brought into

contact with a component (A) and a component (B). The amount of a component (C) empioyed is similar to that

described above in the section of the olefin polymerization catalyst. According to an inventive method for producing an

olefin polymer, a polymerization catalyst described above is used preferably to effect a homopolymerization of an olefin

or a copolymerization of an olefin with other olefins and/or other monomers (a copolymerization between different ole-

fins, a copolymerization between olefins and other monomers, or a copolymerization between different olefins together .
with other monomers).

[0520] While such olefin is not particularly limited, an a-olefin having 2 to 20 carbon atoms is preferred. Such a-
olefin may for example be a-olefins such as ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene,
1-nonene, 1-decene, 4-phenyl-1-butene, 6-phenyl-1-hexene, 3-methyl-1-butene, 4-methyl-1-butene, 3-methyl-1-pen-
tene, 4-methyl-1-hexene, 5-methyl-1-hexene, 3,3-dimethyl-1-pentene, 3,4-dimethyl-1-pentene, 4,4-dimethyl-1-pentene,
vinylcyclohexane and the like, diens such as 1,3-butadiene, 1,4-pentadiene, 1,5-hexadiene, and the like, a halogenated
a-olefin such as hexafluoropropene, tetrafluoroethylene, 2-fluoropropene, fluororthylene, 1,1-difluoroethylene, 3-fluoro-
propene, trifluoroethylene, 3,4-dichloro-1-butene and the like, cyclic olefins such as cyclopentene, cyciohexene, nor-
hornene, 5- methylnorbornene 5-ethyinorbornene, S-propylnorbornene, 5,6-dimethyinorbornene, 5-benzythorbornene
and the like, styrenic substances including alkylstyrenes such as styrene, p-methylstyrene, p-ethyistyrene, p-propylsty-
rene, p-isopropylstyrene, p-butyistyrene, p-tert-butyistyrene, p-phenylstyrene, o-methyistyrene, o-ethylstyrene, o-pro-
pylstyrene, o-isopropylstyrene, m- methylstyrene m-ethylstyrene, m-isopropyistyrene, m-butyistyrene, mesitylstyrene,
2,4-dimethylstyrene, 2,5-dimethylstyrene, 3,5-dimethylstyrene and the like, alkoxystyrenes such as p-methoxystyrene,
o-methoxystyrene, m-methoxystyrene and the like, halogenated styrenes such as p-chlorostyrene, m-chlorostyrene, o-
chlorostyrene, p-bromostyrene, m-bromostyrene, o-bromostyrene, p-fluorostyrene, m-fluorostyrene, o-fluorostyrene, o-
methyl-p-flucrostyrene and the like, as well as trimethylsilylstyrene, vinyl benzoate, divinylbenzene and the like. Other
olefins descrlbed above may appropriately selected from the olefins listed above.

[0521} In this invention, any one of, or a combination of two or more of the olefins listed above may be employed
When two or more olefins is copolymerized, any combination of the olefins listed above may be empiloyed.

[0522] Also in this invention, the olefins listed above may be copolymerized with other monomers, and such mono-
mers are linear diclefins such as butadiene, isoprene, 1,4-pentadiene, 1,5-hexadiene and the like, polycyclic olefins

'such as norbornene, 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-norbornene and the like, cyclic ole-

fins such as norbornadiene, 5-ethylidenenorbornene, 5-vinylnorbornene, dicyclopentadiene and the like, unsaturated
esters such as ethyl acrylate, methyl methacrylate and the like.

[0523] In this invention, one preferred particularly as such olefin is propylene.

[o524) A method for polymerizing olefins is not particularly limited, and may be a slurry polymerization, a solution
polymerization, a vapor phase polymerization, a bulk polymerization, a suspension polymerization.

[0525] When a potymerization solvent is employed, such solvent may for example be a hydrocarbon and a halogen-
ated hydrocarbon such as benzene, toluene, xylene, n-hexane, n-heptane, cyclohexane, methylene chioride, chloro-
form, 1,2-dichloroethane, chlorobenzene and the like. Any one of, or a combination of two or more of those listed above
may be employed. A certain monomer subjected to a polymerization may be used also as a solvent.

[0526] The amount of a catalyst employed in a polymerization reaction is selected so that a component [A] is within
the range usually of 0.5 to 100 micromoles, preferably 2 to 25 micromoles per 1 liter of a solvent, for the purpose of -
advantageous polymerization activity and reactor efficiency.

[0527] A polymerization condition involves a polymerization pressure usually of atmospheric pressure to 2000
kg/cm?G. The reaction temperature is usually -50 to 250 °C. The molecular weight of a polymer may be adjusted by
appropriately selecting the types and amounts of respective catalyst components, and the polymerization temperature,
or by introducing hydrogen.

[0528] Also in a polymerization process of an olefin according to the invention, a catalyst described above is used
to effect a preliminary polymerization. Such prel]minary'l polymerization can be effected by bringing a solid catalyst com-
ponent into contact with a small amount of an olefin, at a reaction temperature of -20 to 100 °C, preferably -10 to 70 °C,
particularly O to 50 °C. While an inert hydrocarbon, an aliphatic hydrocarbon, an aromatic hydrocarbon or a monomer
is employed as a solvent for this preliminary polymerization, an aliphatic hydrocarbon is particularly preferred. This pre-
liminary polymerization may be effected also in the absence of a solvent. In a preferably adjusted condition, a prelimi-
nary polymerization product has an intrinsic viscosity [n] (at 135 °C in decalin) of 0.2 di/g, preferably 0.5 dVg, and an
amount of a preliminary polymerization product per 1 millimole of a transition metal component in a catalyst is 1 to
10,000 g, preferably 10 to 1,000 g.

fo529] The present invention is further described in the following the examples which is not intended to restrict the
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- invention.

{First invention] - T o

[0530] A method for'evéluating a propylenic polymer and a method fbr'evaluating a film are described below.

(A) Method for‘évaluating resin characteristics - R

\

[0531}] An automatic viscometer model VMR-053 available from RIGOSHA (KK) was used in a decalin solvent at
135°C. o - - - . '

(2) Molecular weight distribution (Mw/Mn).

[0532] Measurement was made in accordance with the method described in the detailed description of the inven- ‘
tion. '

(3) % Isotactic pentad and % abnormal insertion D

{0533] . Measurement was made in accordance with the method described in the detailed description of the inven- -
tion. : o ’ ’

(4) Melting point (Tm) and crystallization temperature (Tc) !

[0534] Using a differential scanning calorimeter (Perkin Elmer, DSC-7), 10 mg of a sample was fused for 3 minutes
at 230°C under a nitrogen atmosphere and then'the temperature was lowered to 0°C at the rate of 10°C /minutes. The
peak top of the maximum peak in the crystallization exothermic curve obtained during this course was regarded as the
crystallization temperature. After holding at 0°C for 3 minutes, the temperature was raised at the rate of 10°C/minute to
obtain & fusion endothermic curve, in which the peak top of the maximum peak was regarded as the melting point.

(5) Boiling ether extraction . L . ’ ~
[0535]) Soxlet extractor was used under the conditions specified below.

Extraction sample: 5to 6 g

State of sample: Powder (a pellet should be pulverized into a powder before use)
Extraction solvent: Diethylether

Extraction duration: 10 hours

Extraction times: 180 times or more

Calculation of extract: As shown below

[Amount extracted into diethylether (g)] /Charged powder weight (g)] x 100
(6) Temperature-raising fractional chromatography (TREF)

[0536] A peak top temperature Tp(°C) of a main elution peak in an elution curve, and an amount (% by weight
based on the entire copolymer) of the components which are dissolved out, instead of adsorbed onto a packing, at the
TREF column temperature of 25°C were obtained as described below.

(a) Operating procedure

[0537] A sample solution was introduced into a TREF column adjusted at 135°C and then the temperature was low-
ered gradually at the lowering rate of 5°C/hour to 25°C to ailow the sample to be adsorbed on the packing. Thereafter,
the column temperature was raised at the raising rate of 40°C/hour to 135°C to obtain an elution curve.
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(b‘) [ nstruments

'[05381

[}

(C) Operating conditions

- TREF column: Manufactured by GL SCIENCE, Silica gel column (4.6¢ x 150 mm)

Flow cell: Manufactured by GL SCIENCE, pathiength 1 mm, KBr cell
Feed pump: Manufactured by SENSHU KAGAKU, Pump Model SSC-3100

.Valve oven: Manufactured by GL SCIENCE, Oven model 554 (high temperature type)

TREF oven: Manufactured by GL SCIENCE
Dual-system thermostat: Manufactured by RIKAGAKU KOGYO, Thermostat model REX-C100
Detector: infrared detector for HPLC, Manufactured by FOXBORO CORP, Model MIRAN 1A CVF

" 10-way valve: Manufactured by VALCO, Electric valve

Loo_p: Manufactured by VALCO, 500 pL Loop

{0539]

Solvent: o-Dichlorobenzene : ‘ ] '
Sample concentration: 7.5 g/L

Injection volume: 500pL

Pumping rate: 2.0 mL/min : N
Detection wavenumber: 3.41 um '

Column packing: CHROMOSOLVE P (30 to 60 mesh)

Column temperature deviation: Within +0.2°C

(7) Comonomer unit (a-olefin unit) content (a(% by mole)) in copolymer and sterecregularity index (P(% by mole)) -

[0540] . A *3C NMR spectrum was obtained using Nippon Densi Model JNM-EX400 3C-NMR device under the con-
ditions specified below and calculation was made also as shown below.

" Concentration: 220 mg/NMR Solvent 3ml

Solvent: 1,2,4-Trichlorobenzene/benzene-d6 (90/10 % by volume)
Temperature: 130°C

Puise gap: 45°

Pulse interval: 10 seconds

Number of cycles: 4000 times

{a) 1-butene unit

[0541]  The 1-butene unit content (a(% by mole)) in the copolymer was obtained in accordance with the following
equation from the spectrum determined by the '>C-NMR.

(12)y2 + 1(4)

o= TR+ 2 X 19) ~ 100

[0542) Also in accordance with the following equation, a stereoregularity index (P (% by mole)) of the copolymer

was obtained.

_ (1(12))
P = tazminapiaay 10

wherein (1), (2) and the like represent the signals of a spectrum of a copolymer of propylene and 1-butene determined

by '3C-NMR. (1), I(2) and the like represent the respective signal intensities. The signals of a spectrum of a copotymer

of propylene and 1-butene determined by 13C-NMR are indicated in the table shown below.

[0543] Instead of the signal intensity of a PPP chain SaB carbon, the signal intensity of a PEP chain Saf carbon
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(signal intensity of (9)) was indicated as an alternative.

Table 1

Number | Cherical shift Assignment oo
1 . 45.7-47.4 PP Sax
é 43.0-44.9 PB Saa . .
3 423 PPP Soa
4 40.3 BB Saa
5 36.6 PPP Tay |
6 . 36.0 PPP Saf and PPP Saf
7 35.5 B unit TBB
8 31.6 PPR TRy
9 30.6 PPP Saff | .
10 28.6-29.8 P un'rt:l'BB ) ) :
11 27.8-28.4 B unit side chain methylene carbon
12 21.2-22.7 PBB PPP(mm), PPB(mm), BPB(mm)
13 20.6-21.2 PBB PPP(mr), PPB(mr), BPB(mr), PPB(rr), BPB(rr)
14 19.8-20.6 PBB PPP(m)
15 17.6 Paf
16 17.2 Pory
17 . 1Ma B unﬁ side chain methyl carbon

.| NOTE) )
B denotes a 1-butene unit.

(8) Tensile modulus

{0544] A propylenic polymer was press-motded to obtain a test piece, which was subjected to the tensile test in
accordance with JIS K-7113 under the conditions specified below. '

Crosshead speed: 50 mm/min
Test piece form: JIS No.2 dumb-bell test spe.cimen, 1 mm in thickness

(9) 1zod impact strength

{0545] Using a test piece having the thickness of 3 mm prepared as described above was subjected to the test in
accordance with JIS K7110 at 23°C.

(10) Transparency

[0546] Atest piece described above was evaluated visually. The resutt was indicated as (O when the transparency
was judged to be satisfactory, while it was indicated as A when judged to be somewhat poor.

{11) Internal haze

[0547] A propylenic polymer was press-molded to obtain a test piece whose thickness was 1 mm, and after apply-
ing a silicone oil (manufactured by SHINETSU SILICONE, KF56) onto the surface of the test piece, the haze was deter-
mined in accordance with JIS K7105.
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(B) Film-forming method

[0548) From a propylenic polymer composition obtained in Examples and Comparatives described later, a film .
whose thickness was 50pm was formed using a 20 mm¢ molding mach\iné manufactured by TSUKADA JUKISEI-
SAKUSHO under the molding conditions specified below. ’ :

T die exit resin temperature: 192°C
Haul-off speed: 6.0 m/min

Chill roll temperature: 40°C

Chill roll: Mirror

(C) Film qualification

[0549] - Afilm once formed was subjected to aging at 40°C for 24 hours followed b conditioning at a temperature of
J 9 y

© 23+2°C a‘nd a humidity of 50£10% for 16 hours or longer and then qualified at the same temperature and humidity.
"

(1) Tensile modulus

[0550} A tensile test was conducted under the conditions specified below in accordance with JIS K-7127.
i . : N
Crosshead speed: 500 mmv/min
Load cell: 15 kg :
Direction: Machine direction '

(2) Impact resistance

. [0551) Film impact tester manufactured by TOYOSEKI SEISAKUSHO was used together with a 1/2 inch impact

head to evaluate a impact destruction strength.

(3) Haze

[0552) A test was conducted in accordance with JIS K-7105.
(4) Heat seal temperature

[0553] A test was conducted in accordance with JIS Z2-1707. The fusing conditions were as indicated below. The
temperature of the heat seal bar was corrected as being read by a surface thermometer. After sealing followed by allow-
ing to stand at room temperature overnight, the peeling strength was determined by a type-T peeling method at the
peeling speed of 200 mmymin at room temperature. The heat seal temperature was obtained as a temperature at which
the peeling strength was 300 g/15. mm by calculating on the basis of a curve of a seal strength vs peeling strength.

Seal duration: 2 seconds

Seal area: 15 x 10 mm

Seal pressure: 5.3 kg/cm? G '
Seal temperature: Several temperatures over the range which include the heat seal temperature to be calculated
later

[Example I-1]

[1] Catalyst preparation

(1) Preparation of (1,2-ethylene)(2,1'-ethylene)-bis(3-methylindene)

[0554] Under nitrogen flow, 1.12 g (3.94 mmol) of (1,2"-ethylene)(2,1'-ethylene)-bis(indene) was dissolved in 50 m|
of anhydrous ether. After cooling to -78°C, 5.01 mL of a 1.57 mol/L solution of n-butyllithium in hexane (n-butyllithium:
7.87 mmol) was added dropwise over 30 minutes, and then the mixture was warmed to room temperature and stirred

for 8 hours. The ether solvent was distilled off under reduced pressure and the residue was washed with hexane to
obtain 1.12 g (3.02 mmol) of a dilithium salt as an ether adduct. This dilithium salt was dissolved in 50 ml of anhydrous -
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tetrahydrofuran and cooled to -78°C. To this solution, 10 mL of a tetrahydrofuran solution containing 0.42 mL (6.74
mmol) of methyll iodide was added dropwise over 20 minutes, and the mixture was warmed to room temperature and
stirred for 8 hours. After distilling the solvent off under reduced pressure, the residue was extracted with ethyl acetate.
This extract was washed with water, and the organic phase was dried over anhydbus magnesium sulfate and filtered,
and the filtrate was evaporated to dryness under reduced pressure to’obtain 0.87 g(2.78 mmol) of the desired sub-
stance, (1,2'-ethylene)(2,1'-ethylene)-bis(3-methylindene) (Yield: 70.5 %). This substance was present as a mixture of
the isomers with regard to the double bonds in the 5-membered ring.

{2) Preparation of (1,2'-ethylene)(2,1 '-ethylene)-bis(s-méthylindene') dilithium salt

[0555] 0.87 g (2.78 mmol) of (1,2'-ethylene)(2,1'-ethylene)-bis(3-methylindene) was dissolved in 35 mL of ether and
cooled to -78°C. To this solution, 3.7 mL of a 1.57 mol/L solution of n-butyllithium in hexane (n-butyllithium: 5.81 mrhol)
was added dropwise over 30 minutes and then the mixture was warmed o room temperature and stirred'for 8 hours.
After distilling the solvent off under reduced pressure, the residue was washed with hexane to obtain 1.03 g (2 58 mmol)
of a dilithium salt as an ether adduct (yield: 92.8 %). :

[0556] This substance was subjected to 'H-NMR analysis and the following results were obtained.

1H-NMR (THF-dB)(3, ppm): 2.20 (6H, ), 3.25 (8H,s).'6.0-7:4 (8H, m)

(3) Preparation of (1,2"-ethylene)(2,1"-ethylene)-bis(3-methylindenyl)zirconium dichloride

[0557] 1 .03 g (2.58 mmol) of an ether adduct of (1,2'-ethylene){2, 1'-ethy|ene) bls(a-methyllndene) dilthium salt was
suspended in 25 mL of toluene and cooled to -78°C. To this, a suspension of 0.60 g (2.58 mmol) of zirconjum tetrachlo-
ride in toluene (20 mL) was added over 20 minutes and the mixture was wanmed to room temperature and stirved for 8
hours, and then the toluene supernatant was fiitered. The residue was extracted twice with 50 mi of dichloromethane.
The solvent was distilled off under reduced pressure and the residue was recrystallized from dichloromethane/hexane
to obtain 0.21 g (yield: 17.3 %) of (1,2"-ethylene)(2,1'-ethylene)-bis(3-methylindenyi)zirconium dichloride,

[0558] This substance was subjected to H-NMR analysis and the following results were obtained.

TH-NMR (CDCIS):ZAB (6H, s), 3.33-3.85 (8H, m), 6.9-7 (8H, m)
[2) Polymerizaﬁon

[0559] To a 10 L stainless steel autoclave, 5 L of heptane, 5§ mmol of triisobutylaluminium and a catalyst component,
which had been obtained by bringing 19 mmotl as aluminum of a methyl aluminoxane (manufactured by Albemarie) into
preliminary contact with, 19 ;imol of (1,2'-ethylene)(2,1'-ethylene)-bis(3-methylindenyl)zirconium dichioride ;:{repared in
Step [1] described above in toluene for 30 minutes, were charged and the mixture was heated to 40°C and a propylene
gas was introduced until the total pressure became 8.0 kg/cm2 G. During polymerization, the propylene gas was sup-
plied using a pressure controller to keep a constant pressure, and after 1 hour the content was recovered and dried
under reduced pressure to obtain polypropylene.

[3] Evaluation of physical characteristics

{0560} The physical characteristics were evaluated by the methods described above. The results are shown in
Table I-1. ' .

[Example 1-2)

[0561] The procedure similar to that in Example 1-1 was employed except for charging 50 g of 1-butene (comono-
mer) additionally in Step [2] in Example I-1 and the physical characteristics were evaluated. The results are shown in
Table I-1. .
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{Example |1-3]
{1 ).CataI\'(st preparation
(1) Production of 2-c':hlorodimethylsily|indene .

[0562] . Under nitrogen fiow, a 1L three-necked flask received 50 mL of THF (tetrahydrofuran) and 2.5 g (41 mmol)
of magnesium and further received 0.1 mL of 2-diburomoethane, and the mixture was stired for 30 minutes to activate
the magnesium. After stirring, the solvent was removed, and 50 mL of THF was newly added. To the mixture, a solution
of 5.0 g (25.6 mmo!) of 2-bromoindene in THF (200 mL) was added dropwise over 2 hours. After the addition was com-
pleted, the mixture was stimred at room temperature for 2 hours and then cooled to -78°C, and a solution of 3.1 mL (25.6
mmol) of dichlorodimethylsilane in THF (100 mL) was added dropwise over 1 hour and the mixture was stirred for 15
hours and then the solvent was distilled off. The residue was extracted with 200 mL of hexane, and the solvent was dis-
tilled off to obtain 6.6 g(24.4 mmol) of 2-clorodimethylsilylindene (yield: 94 %).

(2) Preparation of (1,2-dimethylsilylene}(2,1'-dimethyisilylene)-bis(indene} !

1
[0563) Under nitrogen flow, a 1L three-necked flask received 400 mL of THF and 8 g of 2-chlorodimethylsilylindene
and the mixture was cooled to -78°C. To this solution, 38.5 mL (38.5 mmol) of a THF solution (1.0 M) of LiN(SiMe3)o
was added dropwise. After stirring at room temperature for 15 hours, the solvent was distilled off, and the residue was *
extracted with 300 mL of hexane. The solvent was distilied off to obtain 2.2 g (6.4 mmol) of (1,2-dimethylsilylene)(2,1'-
dimethylsilylene)-bis(indene) (yield: 33.4%). '

(3) Preparation of (1,2'-dimethylsilylene§(2,1 *-dimethylsilylene)-bis(indenyl)zirconium dichloride

[0564] A Schlenk's bottle received 2.2 g (6.4 mmol) of (1,2'-dimethyisilylene)(2, 1'-dimethylsilylene)-bis(indene) and
100 mL of ether and the mixture was cooled to -78°C and combined with 9.6 mL (15.4 mmol) of n-butyllithium (solution
in hexane: 1.6 M) and then stirred at room temperature for 12 hours. The solvent was distilled off and the solid obtained
was washed with 20 mL of hexane to obtain a lithium salt (this lithium salt can be obtained quantitatively.). The lithium
salt thus obtained was dissolved in 100 mL of toluene and a separate Schlenk's bottle received 1.5 g (6.4 mmol) of 2ir-
conium tetrachloride and 100 mL of toluene. A 500-mL three-necked flask received 100 mL of toluene, which was
cooled to 0°C and to which the equivalent amounts of the lithium salt obtained above and zirconium tetrachloride were
added dropwise using a cannula over 1 hours. After the addition was completed, the mixture was stirred at room tem-
perature overnight. The solution was filtered and the solvent in the filtrate was distilled off. The solid obtained was
recrystallized from dichloromethane to obtain 1.2 g(2.4 mmot) of (1,2"-dimethylsilylene)(2,1'-dimethylsilylene)-bis(inde-
nyl)zirconium dichloride (yield: 37 %). This substance was subjected to TH-NMR analysis and the following results were
obtained. "H-NMR (CDCI3):0.85, 1.08 (6H, s), 7.11 (2H, s), 7.2-7.7 (8H, m) :

[2} Polymerization

[0565] To a 10 L stainless steel autoclave, 5 L of heptane, 5 mmol of triisobutylaluminium and a catalyst component,

which had been obtained by bringing 10 mmol as aluminum of a methyl aluminoxane (Albemarle) into preliminary con-

tact with 10 pmol of (1,2'-dimethyisilylene)(2,1'-dimethylsilylene)-bis(indenyl)zirconium dichloride prepared in Step [1]

described above in toluene for § minutes, were charged and the mixture was heated to 50°C and a propylene gas was

introduced until the total pressure became B.0 kg/em? G. During polymerization, the propylene gas was supplied using '
a pressure controiler to keep a constant pressure, and after 2.5 hours the content was recovered and dried under

reduced pressure to obtain polypropylene.

[8] Formulation and kneading

[0566] The polypropylene thus obtained was combined with the following additives and extruded by a single-screw
extruder (TSUKADA JUKISEISAKUSHO: Model TLC35-20) to granulate into a pellet.

Antioxidants
[0567])

IRGANOX 1010, Ciba Specialty Chemicals: 1000 ppm;
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and, )
IRGAPHOS 168, Ciba Specialty Chernicals: 1000 ppm

(4] Evatuation of physical characteristics

[0568] The evaluation was made by the methods described abpve'. The results are shown in Table I-1.

Table I-1 ,
Example -1 Example I-2 | Example |-3
Resin analysis Intrinsic viscosity [n] (d/g) . v_ 1.2 1.2 1.7
' Molecular weight distribution Mw/Mn . -1'.§ A 2.1 : 2.2
% Isotactic pentad (moi%) ' '63.5 | - 64.8
: Boiling ether extract (Wt/%) - 5 ) 8 5
TREF peak o , - 63(s) 58(s) 67(s)
TREF elution (W25) (wt%) ' '.1 7 2.0 1.6
Comonomer content (mol%) ’ - ) . 0.9 . -
Stereoregularity (P) (mol%) - 76 -
Nucleating agent GELOL MD (ppm) - - - -
Resin characteristics | Melting point Tm (°C) . 102 98 111
Crystallization temperature (Tc) (°C) 63 56 72
Press performance Tensile modulus (Mpa) | : 250 T 180 260
1zod impact strength (kJ/m?) NB NB NB
Transparency . "o o o
Internal haze . .- - 14 12 14
0.75xTm -15 ' 61.5 58.5 68.3
(Note)
TREF peak: s; Sharp, b; Broad
N.B.: Not broken
o00: Excellent, o: Satisfactory, a: Poor

[Example |-4]
[1] Catalyst preparation

[0569]) (1,2'-dimethylsilylene)(2, 1-dimethylsilylene)-bis(indenyl)zirconium dichloride was obtained similarly as-in
Example I-3.

[2] Polymerization

[0570] To a 10 L stainless steel autociave, 6 L of heptane, 6 mmol of triisobutylaluminium and a catalyst component,
which had been obtained by bringing 500 pmol as aluminum of a methyl aluminoxane (Albemarle) into preliminary con-
tact with 5 pmol of {1,2"-dimethylsilylene)(2,1'-dimethylisilylene)-bis(indenyl)zirconium dichloride prepared in Step (1]
described above in toluene for S minutes, were charged and the mixture was heated to 50°C and a propylene gas was
introduced until the total pressure became 8.0 kg/cm? G. During polymerization, the propylene gas was supplied using
a pressure controller to keep a constant pressure, and after 60 minutes the content was recovered and dried under
reduced pressure to obtain polypropylene.
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[3] Formulation and kneading

[0571] " The procedure employed in Example I-3 was followed.

[4] Evatuation of physical characteristics

[0572] . The evalx:uat'son was made by the methods describea above. The results are shown in Table |-2.

[Example 1-5)

[0573] The procedure similar to that in Example I-3 was employed except for adding GELOL MD (SHINIPPON
RIKASHA). The results of the evaluation of the physical characteristics are shown in Table 1-2.

[C.omparative Example I-1}

[1] Catalyst preparation ' : '

. )
(1) Preparation of magnesium compound

fos74 A glass reactor (about 6L in capacity) fitted with a stirrer was purged sufficiently with a nitroqen gas and
received about 2430 g of ethanol, 16 g of iodine and 160 g of elemental magnesium, and the reaction was continued
under pressure with surrmg' under reflux until the evolution of a hydrogen gas from the reaction system was terminated
to obtain a solid reaction product. The fluid reaction mixture containing this solid product was dried under reduced pres-
sure to obtain a magnesium compound.

[2] Preparation of solid catalyst component

[0575]) A three-necked flask (capacity of 500 mL) purged sufficiently wath a nitrogen gas received 16 g of the mag-
nesium compound obtained above (not pulverized), 80 mL of a purified heptane, 2.4 mL of silicon tetrachloride and 2.3
miL of diethyl phthalate. The reaction system was kept at 90°C, and 77 mL of titanium tetrachloride was added with stir-
ring and the reaction was continued at 110°C for 2 hours and then the solid components were separated and washed
with a purified heptane at 80°C. Addition of 122 mL of titanium tetrachloride followed by the reaction at 110°C for 2
hours followed by a sufficient washing with a purified heptane yielded a solid catalyst component.

{2] Polymerization

[0576] A SL stainless steel autoclave received 20 g of a polypropylene powder, 2.5 mmol of triisobutylaluminium
(TIBA), 0.125 mmol of 1-allyl-3,4-dimethoxybenzene (ADMB), 0.2 mmol of dipheyldimethoxysilane (OPDMS) and 20
mL of a heptane solution containing 0.05 mmol as titanium atom of the solid catalyst component obtained above, and
the reaction system was vented for 5 minutes, and then a propylene gas was supplied until the total pressure became
28 kg/cm"’ G, whereby effecting a vapor phase polymerization for 1.7 hours to obtain a polymer.

[3)-Evaluation f physical characteristics

[0577] Evaluation was made similarly as in Example |-1. The results are shown in Table I-2.
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Table 1-2 ' !
. Example I-4 Exarr;plé 1-6 | Comparative Example {-1

Resin analysis Intrinsic viscosity [n] (dVg) 21 ' 1.7 43

Molecular weight distribution E 2.3 2.2 .. AT

Mw/Mn - . .

% lIsotactic pentad (mol%) 65.0 _ 64.8 65.3

Boiling ether extract (Wt/%) 4 : 5 12

TREF peak ' I' 67(s) . B7(s) 113(b) .

TREF elution (W25) (wt%) .14 7] - 18 30

Comonomer content (mol%) - . . R

Stereoregularity (P) (mol%) - - -

Nucleating agent GELOL MD (ppm) C ' - 1000 -
Resin characteristics | Melting point Tm (°C) 111 ‘ ) " 112 161
I Crystallization temperatu;'e 71A . - 80 100
(Te)(°C) o .
Press performance .| Tensile modulus (Mpa) 264 278 480
' Jzod impact strength (kJ/m?) _NB NB NB
Transparency L ] 00 A
Internal haze ' 15 8 47
0.75 x Tm -15 : 68.3 69.0 105.8
(Note) v o

TREF peak': s; Sharp, b: Broad
N.B.: Not broken .
oo: Excellent, o: Satisfactory, a: Poor

[Exampile 1-6] !

[0578] The polypropylene obtained similarly as in Example I-1 was combined with the following additives and
extruded by a single-screw extruder (TSUKADAJUKISEISAKUSHO: Model TLC35-20) to granuiate into a pellet.

Antioxidants
(0579])
IRGANOX 1010, Ciba Specialty Chemicals: 1000 ppm;
and,
IRGAPHOS 168, Ciba Specialty Chemicals: 1000 ppm
Neutralizing agent « » < Caicium stearate: 1000ppm
Anti-blocking agent - - - Silica-based agent: 2300 ppm
Slipperiness-imparting (slipping) agent « * » Erucic acid amide: 2500 ppm
Nucleating agent
[0580}
GELOL MD available from SHINNIPPON RIKASHA (dimethylbenzylidene sorbitol) :2300 ppm

[0581] The pellet obtained above was subjected to a film-forming process described above and the film was quali-
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fied by the methods described above. The results are shown in Table 1-3.

[Example 1-7]

‘

[0582] A propylene/butene copolymer obtained in a manner similar to that in Example |-2 was combined with the

following additives and extruded by a smgle-screw extruder (TSUKADA JUKISEISAKUSHO: Model TLC35-20) to gran-
ulate into a pellet.

Antioxidants
[0583]

IRGANOX 1010, Ciba Specialty Chemicals: 1000 ppm;

and,

IRGAPHOS 168, Ciba Specialty Chemicals: 1000 ppm

Neutrahzmg agent ¢ + * Calcium stearate: 1000ppm

Anti-blocking agent « - - Silica-based agent: 2300 ppm
Slipperiness-imparting (slipping) agent » = « Erucic acid amide: 2500 ppm

[0584]

GELOL MD available from SHINNIPPON RIKASHA (dimethylbenzylidene sorbitof) :2300 ppm

[0585] The pellet obtained above was subjected to a film-forming process described above and the film was quali-
fied by the methods described above. The results are shown in Table 1-3.

[Example !-8]

[0586] A polypropylene obtained in a manner similar to that in Example I-1 was combined with the following addi-

_ tives and extruded by a single-screw extruder (manufactured by TSUKADA JUKISEISAKUSHO: Model TLC35-20) to

granulate into a peilet.
Antioxidants
(0587
IRGANOX 1010, Ciba Specialty Chemicals: 1000 ppm;
and,
IRGAPHOS 168, Ciba Specialty Chemicals: 10600 ppm
Neutralizing agent » « - Calcium stearate: 1000ppm
Anti-blocking agent » « » Silica-based agent: 2300 ppm
Slipperiness-imparting (slipping) agent + = = Erucic acid amide: 2500 ppm
Nucleating agent
[0588]
GELOL MD available from SHINNIPPON RIKASHA (dimethylbenzylidene sorbitol) :500 ppm

[0589] The pellet obtained above was subjected to a film-forming process described above and the film was quali-
fied by the methods described above. The results are shown in Tabte |-3.
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_ Table I-3 _
. Example -6 | Example I-7 | Example I-8
Resin analysis - Intrinsic viscosity [n} (dVg) . 1.2 1.2 12 -
Molecular weight distribution Mw/Mn . 1.8 2.1 1.8
% lsotactic pentad (mol%) ) ' 63.56 - 3.5
Boiling ether extract (wt/%) - 5 8 5
TREF peak 63(s) 58(s) 63(s)
TREF elution (W25) (wt%) ‘ 1.7 20 1.7,
Comonomer content (;nol%) : ’ . 0.8 . -
| stereoregularity (P) (mol%) K - 76 -
Nucleating agent . | GELOL MD (ppm) . . 2300 — 2300 . 500
Resin characteristics | Melting point Tm (°C) o o 102 a8 102
' Crystaliization temperature (Tc) (°C) . 78 74 78
Film performance Tensile modulus (Mpa) . I 613 562 442
L Impact resistance, Impact destruction 19900 - 9900 ' 9900
strength (J/m) :
Haze , 24 2.0 25
Heat seal temperature (°C) 106 100 108
0.75xTm-15 . 61.5 58.5 61.5
(Note) ’
TREF peak: s; Sharp, b; Broad

[Comparative Example |-2]

[0590] The procedure similar to that employed in Example |-6 was followed except for adding no nucleating agent,
but the film could not be formed because of an extremely poor roll release performance upon the film-forming process.

[Comparative Example |-3]
[0591] The procedure similar to that employed in Example 1-6 was followed except for using a propylenic polymer -

E2900 available from IDEMITSU SEKYU KAGAKU which is produced using a non-metallocene catalyst (titanium/mag-

nesium-based catalyst) and also except for adding no nucleating agent. The performance of the film thus obtained is
shown in Table I-4. . ;

{Comparative Example 1-4]

[0592] The procedure similar to that employed in Example I-6 was followed except for using a propylenic polymer
E2900 available from IDEMITSU SEKYU KAGAKU which is produced using a non-metallocene catalyst (titanium/mag-
nesium-based catalyst). The performance of the film thus obtained is shown in Table I-4.

[Comparative Example 1-5]

[1] Catalyst preparation

[0593] Similarly as in Example 1-1, (1 .2~ethy|ene)(2,1'-ethylene)-bis(3-methylindenyl)zirconium dichloride.
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[2) Polymerization

[0594] A 10 L stainless steel autoclave was charged sequentially with 5 L of toluene, 20 mmol as aluminum of a,
methyl aluminoxane (Albemarle) and then 20 pmol of (1,2'-ethylene)(2,1'-ethylene)-bis(3-methylindenyl)zirconium
dichloride obtained in Example 1-1, and heated to 50°C, and a propylene gas was introduced until the total pressure
became 8.0 kg/cm? G. During polymerization, the propylene gas was supplied using a pressure controller to keep a
constant pressure, and after 1 hour the content was recovered and dried under reduced pressure to obtain polypropyl-

ene.

[3] Formutation and kneading

[0595)

[4] Evaluation of physical characteristics

The procedure employed in Example I-8 was followed.

[0596] "' The evaluation was made by the methods.described above, but the film could not be formed because the
film was broken during the film-forming process.

Table 1-4

' i .
Comparative Exam- | Comparative Exam- Comparative Exam-
ple I-3 ple 14 ple |-5
Resin analysis Intrinsic viscosity [n)) 1.9 1.9 0.7
(dVg) :
Molecular weight dis- 2.6 2.6 2.0
tribution Mw/Mn
% Isotactic pentad 72.2 72.2 59.2
(mol%)
Boiling ether extract 12 12 6
(Wt/%)
TREF peak 112(b) 112(b) 58(s)
TREF elution (W25) 30 . 30 1.5
(WI%),
Comonomer content - - -
(mol%)
Stereoregularity (P) - - -
(mol%)
Nucleating agent GELOL MD (ppm) - 2300 500
Resin characteristics | Melting point Tm (°C) 160 160 -
Crystallization tem- 102 103 -
perature (Tc¢) (°C)
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Table 14 (continued) -

Comparative Exam- | Comparative Exam- Comparative Exam-
ple 1-3 ' plek4q ple I-5
Film performance Tensile modulus 512 . 514 -
(Mpa)
| Impact resistance, 9800 - | |... .9800 -
Impact destruction , .
. strength (J/m)
Haze 15.5 16.8 -
Heat seal tempera- 151 ) - '
ture (°C) .
0.75 xTm -15 105 105 -
(Note) ,
TREF peak: s; Sharp, b; Broad

[Second invention]

[0597] ~ A method for evaluating the resin characteristics and the physical characteristics of a polymer according to
the invention are described below. : ’

(1) Intrinsic viscosity [n]

[0598] An automatic viscometer model VMR-053 available from RIGOSHA (KK) was used in a tetralin solvent at
135°C. ’ ’

(2) % Pentad and % abnormal insertion

[0599] Measurement was made in accordance with the method described in the detailed description of the inven-
tion. Thus, a % meso-pentad (% mmmm) and a % racemi-pentad (% rrr) referred herein were obtained in accordance
with the method proposed by A.Zambelli et al in Macromolecules, 6, 925 (1973) by determining the methy! signal in a
13C-.NMR spectrum and calculating % meso and % racemi levels, in a polypropylene molecule chain, as represented in
pentad as a unit. The calculation was made in accordance with the method described in the detailed description of the
invention.

[0600] With regard to (m-2, 1), (r-2, 1) and (1,3), the peaks in a 13C-NMR spectrum were assigned in accordance

with the report by Grassi et al (Macromolecules, 21, p.617 (1988)) and the report by Busico et al (Macromolecules, 27,

- p.7538 (1994)) and each % insertion content was calculated based on the integrated intensity of each peak. A value

(m-2, 1) was obtained by calculating the ratio of the integrated intensity of a peak assigned to Pa,ythreo observed near
17.2 ppm to the integrated intensity in all methyl carbon region as a-% meso-2,1 insertion content. A value (r-2, 1) was
obtained by calculating the ratio of the integrated intensity of a peak assigned to Pa,ythreo observed near 15.0 ppm to
the integrated intensity in all methyl carbon region as a % rasemi-2,1 insertion content. A value (1, 3) was obtained by
calculating the ratio of the integrated intensity of a peak assigned to T8,y + observed near 31.0 ppm to the integrated
intensity in all methine carbon region as a % 1,3 insertion content. When a peak to be assigned to a meso-2, 1 insertion,
a racemi-2, 1 insertion or a 1, 3 insertion could not be distinguished because of, for example, being overlapped with
noises, then each heterogeneous binding content (m-2, 1), (r-2, 1) or (1, 3) was regarded as a zero value.

[0601] A 13C NMR spectrum was obtained using the following instruments under the conditions specified below.

Instrument: Nippon Densi Mode! JNM-EX400 '3C-NMR device

Method: Proton complete decoupling method

Concentration: 220 mg/miilliliter

Solvent: A 90/10 solvent mixture (by volume) of 1,2,4-Trichlorobenzene and benzene-d6
Temperature: 130°C

Pulse gap: 45°

Pulse interval: 4 seconds

Number of cycles: 10000 times
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(3) 'Comonomer unit content (% by mole) in copolymer

[0602] A '3C NMR spectrum was obtained using Nippon Densi Mode! JNM-EX400 '3C-NMR device under the con- .
ditions specified below and the calculation was made as descnbed below.

Sampie concentration: 220 mg/3 mi NMR solvent

NMR Solvent: 1,2,4-Trichlorobenzene/benzene-d6 (90/10 vAv)

Determination temperature: 130°C i

Pulse gap: 45°

Pulse interval: 10 seconds

Number of cycles: 4000 times - .

(a) Ethylene unit

' [0603] | Arandom copolymer of propylene and ethylene, when subjected to 13C.NMR, exhibited the spectrum whose
signals had the chemical shifts and the assignments indicated in Table Ii-1. -

Table 11-1 : f

' Assignments of signals in '>C-NMR spectrum of ethylene-propylene copolymer
Number | Chemical shift Assignment Number | Chemical shift | Assignment
1 451-47.3 | PPP Sax 14 314 EPPTBy
2 42.3 PPP Saa 15 31.0 PPE TBS
3 38.6 PPP Tay 16 30.7 PEP Saf -
4 38.0 Say 17 30.5 PEEE Sy§
5 375 Sad 18 30.0 EEE S&%
6 36.0 PPP SoB 19 29.0 PPP TBB
7 36.0 PPP Taf 20 27.3 PEE Sf38
8 34.9 EPP.PEP Saf 21 24.6 PEP Saff
9 346 EPP, PEP Saf 22 21.3-22.7 P
10 34.1 | ERP TYY 23 20.6-21.3 PBB
11 33.7 EEPP Ty 24 19.8-20.6 PBB
12 33.3 EPE T&d 25 176 - Paf
13 31.6 PPP TRy 26 17.2 : Pay
(NOTE)
E represents an ethylene unit. A chemical shift is represented in ppm.

[0604] The ethylene unit content in the copolymer (o(% by mole)) was obtained in accordance with the following
equation (1) based on the spectrum determined by the 13C-NMR.

a=E/S x 100 (1)
wherein S and E are each represented as follows:
S=IEPE + IPPE + IEEE + IPPP + IPEE + IPEP

E=IEEE + 2/3(IPEE + IEPE) + 1/3(IPPE + IPEP)

wherein:
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' IEPE=I(12)
IPPE=I(15)+1(11)+(1(14)-I(1 )Y2+(10)
IEEE=I(18)/2+{17)/4 e
1PPP=I(1 9)+(|(6)+|(7))/2+|(:§)+|(1'3)44('1”1 PO 1))2
| IPEE=I(20) "

IPEP=(1(8)+1{9}-2x(I{11))/4+I(21). .-

[0605] A% isotact_ié triad of @ PPP chain was obtained as a stereoregularity index (P (% by mole)) according to the
equation (2) shown below. . N

P=im/ix100+ , ‘(2)
wherein Im and | are each represented as follows:
Im=1(22)
1=1(22)+1(23)+1(24)-{(1(8)+(9))/2+1(10)+-3/2xI(1 1 )+(12}+1{(13)+1(15)}.

In the equation shown above, I(1), I(2) and the like represent the intensities of signal [1], signal [2] and the like, respec-
tively, o

(4) Molecular weight distribution (Mw/Mn)

{0606} Measurement was made in accordance with the method described in the detailed description of the inven-
tion. -

(5) DSC analysis

[0607] Analysis was made in accordance with the ﬁethod described ir; the detailed descriptiqn of the invention.
(6) Temperature-raising fractional chromatography

[0608] Measurement was made by the method described in the first invention.

(7) Tensile modulus

[0609] Measuremen-t was made by the method described in the first invention.

(8) Internal haze

[0610] A propylenic polymer was press-molded to obtain a test piece which was subjected to the test in accordance
with JIS K7105.

* Testpiece: 15 cm x 15 cm x 1 mm (test piece thickness = 1mm)

(9) % Elasticity recovery

[0611] The method described in JP-A-5-132590 was followed. Thus, a propylenic polymer was press-molded and
a JIS No.2 dumb-bell test specimen was prepared. The constant-width region of the dumb-bell was marked at 25 mm

interval, which was designated as LO. The specimen was stretched using a tensile test device from 80 mm to 160 mm
of the inter-chuck distance at the stretching speed of 50 mm/min, and then the inter-chuck distance was allowed to
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betome the initial length, and then after one minute the distance between the marks was determined and designated
as L1. A % elasticity recovery was calculated by the equation shown below. When the value obtained was zero then the
result was judged as "No recovery®.

e .[(2LO-L1¥L0] x 100
* LO: Initial distance between marks on dumb-bell
e L1:Distance between marks on dumb-bell after stretching

{10) Anti-blocking ability

[0612] ' A propylenic polymer was press-molded to obtain a test piece, which was bound in the conditions described
below and examined for its peeling strength by a tensile test device.

s Testpiece: 15'cm x 62.5 mm x 2 mm
. Blndlng conditions: Bound at 40°C over the area of 15 mm x 31 mm under the pressing load of 0.7 kg for3 hours
e Shear peeling conditions: Crosshead speed of 50 mm/min

(11) tzod impact strength
]

{0613) A propylenic polymer was press-molded to obtain a test piece which was subjected to the test in accordance
with JIS K-7110 with the test piece thickness of 3 mm at the ambient temperature of -5°C.

(12) Amount of components dissolved out into Hexane (H25) '
[0614]) . A value of H 25 was determined under the conditions specified below.

Sample size: 0.1t05g

State of sample: Powder (a pellet should be pulverlzed into a powder before use)
Solvent: Hexane

Elution conditions: Allowing to stand at 25°C for 3 days or longer

Calculation of amount eluted: According to the following equation:

H25 = [(WO - W1)/WO0] x 100(%)

(13) Boiling diethylether extract

[0615] The method similar to that in the first invention was employed except that the sample size was 1102 Q.
[Example 1i-1] Propylene homopolymer

(1) Catalyst preparation

Synthesis of (Dimethyisilylene)2(3-n-butylindenyl) 2 zirconium dichloride

[0616] A Schlenk’s bottle receives 0.83 g (2.4 mmol) of (1,2'-dimethylsilylene)(2,1°-dimethylsilylene)(indene)2 and
50 mL of ether. The mixture is cooled to -78°C and combined with 3.1 mL (5.0 mmol) of n-BuLi (1.6 M solution in hex-
ane) and then stirred at room temperature for 12 hours. The solvent is distilled off to obtain a solid which is washed with
20 mL of hexane to obtain 1.1 g (2.3 mmol) of a lithium salt as an ether adduct. This lithium salt is dissolved in 50 mL
of THF, and cooled to -78°C., 0.57 mL (5.3 mmol) of n-butyl bromide is added dropwise slowly and the mixture is stirred
at room temperature for 12 hours. After distilling the solvent off followed by extraction with 50 ml of hexane foilowed by
removing the soivent, 0.81 g (1.77 mmol) of (1,2'-dimethylsilylene){2,1'-dimethylsilylene){3-n-butylindene)2 was
obtained (yield: 74%).

[0617] 0.81 g (1.77 mmol) of (1,2'-dimethylsilylene)(2,1'-dimethylsilylene)(3-n-butylindene)2 thus obtained is
placed in a Schlenk's bottle under nitrogen flow together with 100 mL of ether. The mixture is cooled to -78°C and com-
bined with 2.7 mL (4.15 mmol) of n-BuL.i (1.54 M solution in hexane) and then stirred at room temperature for 12 hours.
The solvent was distilled off to obtain a solid which is washed with hexane to obtain 0.28 g (1.43 mmol) of a lithium salt
as an ether adduct.

[o618]) The lithium salt thus obtained is dissolved in 50 mL of toluene under nitrogen flow. The mixture is cooled to
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-78°C and treated dropwise with 0.33 g+(1.42 mmol) of zirconium tetrachloride suspended in toluene (50 mL) which has
previously been cooled to -78°C. After the dropwise treatment, the mixture is stirred at room temperature for 6 hours.
After filtration, the solvent of the filtrate is distilled off. Recrystallization'from dichloromethane yielded 0.2 g (0.32 mmol)
of (1,2'-dimethylsilylene)(2,1'-dimethyisilylene)(3-n-butylindenyl)2 zirconium dichloride (yield:22%).

[a619] The résults of '"H-NMR (90MHz, CDCI3) analysis are as follow,s §0.88, 0.99 (12H, dimethylsilylene), O 7-
1.0.1.1115 (1BH n-Bu), 7.0-7.6 (8H, benzene ring proton).

(2) Propylene polymerization .
[0620] A 10 L stainless steel autoclave received 6 L of heptane, 6 mmol of triisobutylaluminium and a catalyst com-
ponent which had been obtained by bringing 5 mmo! of a methy! aluminoxane (manufactured by Albemarle) into prelim-
inary contact with 5 pmol of (1,2'-dimethylsilylene)(2,1' dlmethylsnylene)(a n-butylindenyl) 2 zirconium dichloride in
toluene for 5§ minutes. After introducing hydrogen at 0.5 ke/cm? G, a propylene gas was introduced until the total pres-
sure became 8.0 kglcm2 G, and the propylene gas was supplied using a pressure ‘controller to keep a constant pressure
during polymerization. After polymerizing at 50°C for 30 minutes, the content was recovered and dried under reduced
pressure to obtain a propylene homopolymer. :

(3) Forrnulation‘ and kneading o '
{0621} The polypropylene homopolymer thus obtained was combined with the following additives and extruded by
a single-screw extruder (manufactured by TSUKADA JUKISEISAKUSHOQ: Model TLC35-20) to granulate into a peliet. -

(Formulation of additives)
Antioxidants
[0622]

*  Phenclic antioxidant: IRGANOX 1010 available from Ciba Specialty Chemicals, 1000 ppm
* Phosphorus-based antioxidant: P-EPQ 500 ppm ’

* Neutralizing agent: Calcium stearate: 500 ppm

*  Neutralizing agent: DHT-4A: 500 ppm

(4) Evaluation of resin characteristics and physical characteristics

[0623] 'Evaluation was made by the methods described above. The results are shown in Table 11-2 and Table 1I-3. In
these tables, Example 1 means Example II-1. The same applies analogously to Example 2 or later as well as Compar-
atives. The description further thereafter is also handled similarly.

[Example 1I-2] Propylene homopolymer

[0624] The method similar to that in Example {l-1 was employéd except for producing a propylene homopolymér
without hydrogenation. The results are shown in Tables 11-2 and |1-3.

[Example 11-3)
(1) Synthesis of (dimethylsilylene)2(3-methylindenyl)2 zirconium dichloride

[0625] A Schlenk's bottle receives 2.2 g (6.4 mmol) of (1.2"-dimethylsilylene)(2,1*-dimethylsilylene)(indene) and 100
mL of ether. The mixture is cooled to -78°C and combined with 9.6 mL (15.4 mmol) of n-BuLi (1.6 M solution in hexane)
and then stired at room temperature for 12 hours. The solvent is distilled off to obtain a solid which is washed with 20
mi of hexane to obtain a lithium salt quantitatively. This lithium satt is dissolved in 100 mL of THF and cooled to -78°C.
7.4 g (52.0 mmol) of methyl iodide was added dropwise slowly and the mixture is stirred at room temperature for 12
hours. After distilling the solvent off followed by extraction with 50 ml of hexane followed by removing the solvent off, 4.5
g (12 mmol) of (1.2'-dimethylsilylene)(2, 1'-dimethylsitylene)(3-methylindene)2 was obtained (yield: 84 %).

[0626] Subsequently, a Schlenk's boitle receives under nitrogen flow 2.0 g (5.4 mmol) of (1.2’-dimethylsi-
lylene)(2,1'-dimethylsilylene)(3-methylindene)2 and 100 mL of ether. The mixture is cooled to -78°C and combined with
13.5 mL (21.6 mmol) of n-Bul.i (1.6 M solution in hexane) and then stimed at room temperature for 12 hours. The solvent
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is (l:listilled off to obtain a solid which is washed with hexane to obtain 1.1 g (2.9 mmol) of a lithium salt. Under nitrogen
flow, the lithium salt obtained above is dissolved in 100 mL of toluene. The mixture is cooled to -78°C, and treated drop-
wise with 0.7 g (3.0 mmol) of zirconium tetrachloride suspended in toluene (100 ml) which has previously been cooled,
to -78°C. After completion of the addition, the mixture is stirred for 6 hours at foom temperature. After filtration, the pre-
cipitate was extracted with dichloromethane. Recrystallization from dichloromethane/hexane yielded 0.5 g (0.94 mmol)
of (1. 2'-d|methy|snylene)(2 1'-dimethylsilylene)(3-methylindenyl)2 zirconium dichloride (yield: 32 %).

[0627) The results of "H-NMR (CDCI3) analysis are as follows: § 0.95, 1.05 (12H, dimethylsilylene), 2.50 (6H, CH3)
7.2-7.7 (8H, Ar-H).

(2) Propylene polymerization

[0628] * A 1 L stainless steel autoclave received 400 mL of heptane, 0.5 mmol of triisobutylaluminium and a catalyst
component which had been obtained by bringing 0.6 mmol of a methyl aluminoxane (manufactured by Albemarie) into
preliminary contact with 0.5 pmol of (1,2'-dimethyisilylene)(2,1'-dimethylsilylene)(3-methylindenyl) 2 zirconium dichlo-
ride in taluene for 5 minutes. After introducing hydrogen at 0.3 kg/cm? G, a propylene gas was introduced until the total
pressure became 8.0 kg/cm?G, and the propylene gas was supplied using a pressure controller to keep a constant

. pressure during polymerization. After polymerizing at 70°C for 1 hour, the coment was recovered and dried under

reduced pressure to obtain a propylene homopolymer
1
23) Formulation and kneading

{0629] Except for combining the polypropylene homopolymer thus obtamed with the followmg additives shown
below, the procedure similar to that in Example 1I- 1 was employed.

- (Formulation of additives)

[0630)

¢ Phenolic antioxidant: IRGANOX 1010 available from Ciba Specialty Chemicals, 1000 ppm
* Phosphorus-based antioxidant: IRGAPHOS 168 available from Ciba Specialty Chemicals: 1000 ppm

(4) Evaluation of resin characteristics and physical characteristics

[0631] Evaluation was made similarly as in Example 1I-1 (4). The results are shown in Tables ll-2 and 11-3.
[Example !1-4] Propylenic copolymer

(1) Preparation of (1,2'-ethylene)(2,1'-ethylene)-bis(3-methylindenyl)zirconium dichloride

[0632] The method similar to that described in Example |-1 was employed.

(2).Propy1enelethylene copolymerization

[0633) A 2L stainless steel autoclave received 1.2 L of toluene, 1.5 mmol of triisobutytaluminium, 10 (Al) mmol of a
methyl aluminoxane (Albemarle) and 20 umol of (1,2'-ethylene)(2,1'-ethylene)bis(3-methylindenyl)zirconium dichloride
and the mixture was warmed to 30°C, and then an ethylene/propyiene gas mixture (molar ratio of ethylene/propylene =
1/100) was introduced. An excessive gas was vented so that the total pressure became 7.0 kg/cm? G, and the polym-
erization was effected for 60 minutes while keeping a constant gas composition in the reaction system, and then the
content was recovered and dried under reduced pressure to obtain a propylenic copolymer. The formulation and the
kneading, and the evaluation of the resin characteristics and the physical characteristics were performed in the manner
similar to that in Example [I-1. The resufts are shown in Tables 1i-1 and 1-3.

[Comparative Example |l-1] Propylene homopolymer

(1) Preparation of magnesium compound

[0634] The method similar to that in Comparative I-1 was employed.
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(2) Preparation of solid catalyst component (A)
[0635] A glass reactor whose capacity was 5 L and which has sufficiently been purged with a nitrogen gas was
charged with 160 g of the magnesium compound obtained in Step (1) described above (not pulverized), 800 ml of a
purified heptane, 24 ml of silicon tetrachioride and 23 ml of diethyl phthalate and then the reaction system was kept at

80°C and admixed with 770 ml of titanium tetrachloride with stirring, and the reaction was continued at 110°C for 2
hours and then the solid components wer separated and washed with a purified heptane at 90°C. 1220 m! of titanium
tetrachloride was further added;-and-the reaction at 110°C for 2 hours followed by a thorough washing with a purified
heptane yielded a sohd catalyst component (A).

(3) Vapor phase polymerization of propylene

[0636] A polymerization chamber whose capacity was 200 L was fed with 6.0 g/h of the solid catalyst component
obtained in Step (2) described above, 0.2 moVh of trusobutylalumlmum (TIBA),:0.012 mol/h of 1-allyl-3,4-dimethoxyben-
zene (ADMB), 0.012 molh of cyclohexylmethyidimethoxysilane (CHMDMS) and.37 kg/h of propylene, and the polym

erization was effected at 70°C under 28 kg/cm? G.

(4) Formulation and kneading

[0637] The polypropylene powder thus obtained was admixed with 2 S-dlmethyl -2,5-di-(t-butylperoxy)-hexane and
then oomblned with the additives as described in Example 1I-1 and extruded via a 40 mm¢, die to obtain a pellet.

(5) Evaluation of resin characteristics and physicat characteristics

[0638] The method similar to that in Example iI-1 (4) was employed. The results are shown in Tables 1i-2 and I-3.

[Reference Example] Affinity PL1880

[0639] The pellet of Affinity PL1880 (trade name) available from Dow Chemical Japan (K.K.9 was 'subjec1ed'to the
evaluation of the physical characteristics as described In Example 1I-1 (4). The results are shown in Tabte I-3.

[Comparative Example 11-2) Propylene homopolymer

[0640] A stainless steel autoclave whose capacity was 1 L was charged with 400 mL of heptane, 0.5 mmol of tri-
isobutylaluminium and a catalyst component which had been obtained by bringing 2 pmol of dimethylanilinium (pen-
tafluorophenyl)borate into  preliminary contact ‘with 1 pmol of (t- butylamide)dimethyl(tetramethyl-nS-
cyclopentadienyl)silane titanium dichloride in toluene for 5 minutes. After introducing hydrogen at 0.3 kg/cm? G, a pro-
pylene gas was introduced until the total pressure became 8.0 kg/cm? G, and the propylene gas was supplied using a
pressure controller to keep a constant pressure during polymerization. After polymerizing at 70°C for 1 hour, the content
was recovered and dried under reduced pressure to obtain a propylene homopolymer. The formulation and the knead-
ing, and the evaluation of the resin characteristics and the physical characteristics were performed in the manner similar
to that in Example Il-1. The results are shown in Tables 11-2 and 1I-3.

[Example 11-5} Addition df nucleating agent

[0641] Except for combining the propylene homopolymer obtained in Example -1 with the following additives
shown below, the procedure similar to that in Exampile 11-1 was employed. The results are shown in Table 11-4.

(Formulation of additives)

[0642)

* Phenolic antioxidant: IRGANOX 1010 available from Ciba Specialty Chemicals, 1000 ppm
* Phosphorus-based antioxidant: P-EPQ, 500 ppm

* Neutralizing agent: Calcium stearate: 500 ppm

* Neutralizing agent: DHT-4A: 500 ppm
* Nucleating agent: GELOL MD available from SHINNIPPON RIKAGAKUSHA: 1000 ppm

95



10

15

25

45

EP 1 095 951 A1 :

[Example {I-6] Addition of nucleating agent
[0643] ' Except that the amount of GELOL MD available from SHINNIPPON RIKAGAKUSHA which was added was
2000 ppm, the method similar to that in Example [1-5 was employed. The results are shown in Table |1-4.

4

[Example 1I-7] Addition of nucleating agent

[0644] ’ Except for combining the propylene homopolymer obtained in Example I-1 with the following additives
shown below, the procedure similar to that in Example II-1 was employed. The results are shown in Table I-4. ;

e Phenolic antioxidant: IRGANOX 1010 available from Ciba Specialty Chemicals, 1000 ppm
» Phosphorus-based antioxidant: IRGAPHOS 168 available from Ciba Specialty Chemicals: 1000 ppm
* Nucleating agent: GELOL MD available from SHINNIPPON RIKAGAKUSHA: 5000 ppm

[Example 11-8] Addition of nucleating agent

[0645] ' Except that the amount of GELOL MD available from SHINNIPPON RIKAGAKUSHA which was added was
10000 ppm, the method similar to that in Example 11-7 was employed. The results are shown in Table II-4.

‘[Exahple 11-9] Addition of nucleating agent

' . N

{0646] Except for employing 2000 ppm of NA-11 available from DENKASHA instead of 5000 ppm of GELOL MD
available from SHINNIPPON RIKAGAKUSHA, the method similar to that in Examp!le iI-7 was employed. The results are
shown in Table II-4. o

[Example 11-10} Effect of modifier

[0647] Polypropylene E105 GM manufactured by IDEMITSU SEKIYU'KAGAKU was combined with the peliet
obtained in Example II-1 and extruded by a single-screw extruder (manufactured by TSUKADA JUKISEISAKUSHO:
Model TLC35-20) to granulate into a pellet. The physical characteristics were evaluated similarly as in Example 11-1 (4).
The results are shown in Table II-5.

[Example 1-11] Effect of modifier

[0648] Except for changing the ratio of the pellet obtained in Example II-1 into 60 % by weight, the procedure similar
to that in Example 11-10 was employed. The results are shown in Tabie II-5. .

[Example 11-12] Effect of modifier

[o649] Except for changing the ratio of the pellet obtained in Example li-1 into 30 % by weight, the procedure similar
to that in Example 11-10 was employed. The results are shown in Table |I-5.

[Comparative Example I1-3]

[0650] Polypropylene E105 GM manufactured by IDEMITSU SEKIYU KAGAKU was subjected to the evaluation of -

the physical characteristics similarly as in Example i1-1 (4). The results are shown in Table 1I-5.

[Comparative Example 11-4]

[0651] Except for combining 50 % by weight of the polymer obtained in Comparative lI-2 with Polypropylene E105
GM manufactured by IDEMITSU SEKIYU KAGAKU, the procedure similar to that in Example !I-10 was employed. The
results are shown in Table II-5.
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Table II-2

ltem Example 1 | Example 2 | Example 3 | Example 4 Comparative Comparative.
! : S Example 1 Example 2
Comonomer con- - - - 10 - -
tent, % by mole ' e o =
W25, % by weight a3 .90 .80 56 30 99
H25, % by weight 17 15 15 42 6 100
Tme°C- nd nd 70 76 ) 159 nd [
AH J/mol nd nd 7 19, 61 nd
6 x (Tm-140) nd nd -420 -384 - 111.6 nd
% mmmm, % by a1 41 46 - 65 2
mole
P, % by mole - - - 76, , - -
mrr/(1-mmmm) 0.04 0.04 0.04 ‘- 0.23 0.11
Mw/Mn - 24 20 '2.5 6.1 27 2.2
m} dvg 25 44 2.5 0.7 2.1 1.9
% 2,1 insertion, % 0 0 o] - 0 4.4
by mole '
% 1,3 insertion, % 0 0 .0 - 0 0
by mole
_Boiling diethyl- 30 29 25 56 12 €3
ether extract % by :
weight
Tc°C nd nd nd 18, 104 nd -
(NOTE)
n.d: Not detected,
[0652] Example 1 means Example 1I-1. The same applies analogously hereinafter.
Table I1-3 _
Item Example 1 | Example 2 | Example 3 | Example 4 | Comparative | Comparative | Reference
Example 1 Example 2 Example
Tensile mod- 31 -34 52 60 330 2 85
ulus Mpa
Internal 4 3 4 10 60 4 10
haze %
% Elasticity 69 78 33 28 No recovery 79 No recovery
recovery %
Anti-blocking 5 5 4 6 0 No peeling 3
ability kg/em?
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Table 11-3 (continued)

Item - Example 1 | Example 2 | Example 3 | Example 4 | Comparative | Comparative | Reference
: Example 1 Example 2 Example -
|zod impact + 2.8 3.4 2.5 - 5.0 2.1 4.3 No break
strength ' :
KJ/im? L -
(Note) .
Izod impact strength: Determined at -5°C with notches being formed

"Table li-4 :

T Item Example 1 Example 5 Example 6 Example 7 Example 8 Example 9

. Nucleating agent - GELOL MD | GELOL MD | GELOL MD | GELOL MD NA-11
) Nucleating agent level - 1000 2000 5000 10000 -| * 2000

ppm '

TmeC nd . nd 64 65 64 64

Te°C nd - nd nd nd nd . nd

Tensile modulus Mpa 30 32 35 oM 42 . 32

Internal haze % 4 5 5 - 4 . 5

% Elasticity recovery % 69 70 72 75 76 76-

|zod impact strength 2.8 3.2 29 5.0 2.9 71

KJ/m? :

(NOTE) )

izod impact strength: Determined at -5°C with notches being formed

Table II-56
Item Example 10 | Example 11 Example 12 Comparative Comparative Comparative
: Example 1 . Example 3 Example 4

Tensile modulus 190 230 560 330 1500 240
Mpa
Internal haze % 33 43 54 60 44 7
% Elasticity 20 1 No recovery No recovery No recovery No recovery
recovery %
I1zod impact 25 24 1.9 2.1 1.9 1.6
strength KJ/m?
(NOTE)
1zod impact strength: Determined at -5°C with notches being formed

[Third invention]

[0653] A method for evaluating the resin characteristics and the physical characteristics of a polymer according to
the invention are described below.
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(1) Intrinsic viscosity [n]
[0654] Measurement was made by the method described in the first invention.,

(2) % Pentad and % abhormal insertion

[0655] Measurement was made by the method described in the second invention.

(8) Comonomer unit content (% by mole) in copolymer. '

[0656] Measurement was made by the method described in the second invention.

(4) Molecular weight distribution (Mw/Mn)

[0657] Measuremght was made by the method described in the first invention.

(5) DSCaanalysis

[0658] Measurement was made by the method described in the second invention.
(6) Temperature-réisi_ng fractional chromatography
[0659] Measurement was made by the method described in the first invention.

’ "
(7) Amount of components dissolved out into hexane (H25) Lo
[0660] Measurement was made by the method described in the second invention.
(8) Boiling diethylether extract
[0661] Measurement was made by the method deséribed in the first invention.
(9) Frequency distribution determination of meit viscoe!ééticity '
[0662] A value of (n*)(Pa-s) is obtained using a rotary rheometer (ARES) manufactured by RHEOMETRIX
together with a parallel pjate (25 mm in diameter, imm in gap) at the temperature of 230°C and at the initial strain of 20
% or less. )
(10) Tensile modulus
[0663] Measurement was made by the method described in the second invention.
[Example }i-1] Propylene homopolymer
(1) Catalyst preparation
(1,2'-dimethylsilylene)(2,1'-dimethyisilylene)-bis(3-n-butylindenyl)zirconium dichloride
{0664]) A Schlenk's bottle receives 0.83 g (2.4 mmol) of (1,2'-dimethylsilylene)(2,1'-dimethylisilylene)-bis(indene)
and 50 mL of ether. The mixture is cooled to -78°C and combined with 3.1 mL (5.0 mmol) of n-Buli (1.6 M solution in
hexane) and then stirred at room temperature for 12 hours. The solvent is distilled off to obtain a solid which is washed
with 20 mL of hexane to obtain 1.1 g (2.3 mmol) of a lithium salt as an ether adduct. This lithium salt is dissolved in 50
mL of THF and cooled to -78°C. 0.57 mL (5.3 mmol) of n-butyl bromide is added dropwise slowly and the mixture is
stired at room temperature for 12 hours. After distilling the solvent off foliowed by extraction with 50 mL of hexane, fol-
lowed by removing the solvent, 0.81 g (1.77 mmol) of (1,2'-dimethylsilylene)(2, 1'-dimethyisilylene)-bis(3-n-butylindene)
(yield: 74 %).

[0665] Subsequently, 0.81 g (1.77 mmol) of (1,2-dimethylsilylene)(2,1'-dimethylsilylene)-bis(3-n-butylindene)
obtained above and 100 mL of ether are placed in a Schlenk’s bottle under nitrogen flow. The mixture is cooled to -78°C
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arld combined with 2.7 mL (4.15 mmol) of n-BuLi (1.54M solution in hexane) and then stirred at room temperature for

12 hours. The solvent is distilled off to obtain a solid which is washed with hexane to obtain 0.28 g(1.43 mmol) of a lith-
ium salt as an ether adduct.

[0666] Under nitrogen flow, the lithium salt obtained above is dissolved in 50 mL of toluene. The mixture is cooled
to -78°C and treated dropwise with 0.33 g (1.42 mmol) of zirconium tetrachloride suspended in toluene (50 mL) which
has previously been cooled to -78°C. After dropwisé treatment, the mixture is stirred at room temperature for 6 hours.
Subsequently the mixture is filtered and the solvent of the filtrate is distilled off. Recrystallization from dichloromethane
yielded 0.2 g (0.32 mmol) of (1,2-dimethylsilylene)(2, 1 '-dimethylsilylene)-bis(3-n-butylindenyl)zirconium dichloride
(yield 22 %]).

[0667] The results of 'H-NMR (S0MHz, CDCI3) analysts are as follows: 5 0.88, 0.99 (12H, dimethyisilylene), 0.7-.
1.0.1.1-1.5 (18H, n- Bu), 7.0-7. 6 (8H, benzene ring proton). .

(3] Propylene homopolymerization

[0668] A1 L stainless steel, pressure-resistant autoclave fitted with a stirrer was heated to 80°C and dried under
reduced pressure thoroughly, and then it was allowed to be at atmospheric pressure with a dry nitrogen and allowed to
cool to room temperature. Under dry nitrogen flow, 400 mL of dried deoxygenated heptane and 0.5 mL (1.0 mmol) of a
solution of trilsobutylaluminium (2.0 M) in heptane were added and stirred at 350 rpm for a while. On the ather hand, a
thoroughly nitrogen-purged 50 mL Schilenk's bottle were charged under nitrogen flow with toluene (10 mL)and a solu-
tion of triisobutylaluminiumin heptane (2M, 0.5 mL, 1.0 mmol) and then with a solution of a methyl aluminoxane in tol-
uene (1.43 M, 035 mL, 0.5 mmol) and a slumry of (1,2-dimethylsilylene)(2,1'-dimethylsilylene)-bis(3-n-
butylindenyl)zirconium dichloride obtained in Step (1) described above in heptane (SumolmL, 0.1 mL, 0.5umol), whlch
were stirred at room temperature for 5 minutes. The catalyst slurry was placed rapidly in the autoclave.

(First step polymerization)

[0669] Subsequently, the stirring was initiated.at 400 rpm, and the propylene pressure was raised slowly to 8.0

kg/cm2 as a total pressure, and at the same time the temperature was raised slowly to 70°C. The polymerization was
eftected for 20 minutes.

(Second step polymerization)

‘[0670] Subsequently, the temperature was lowered to 30°C over a period of § minutes, and after the completion of

additional 35-minute polymerization, unreacted propylene was removed by depressurization. The reaction mixture was
poured into 2L of methano! to precipitate polypropylene, which was filtered and dried to obtain 17 g of polypropylene.
The resin characteristics and the physical characteristics described above were determined and the results are shown
in Table 1i-1. In this table, Example 1 means Example IlI-1. The same applies analogously to Example 2 or later as well
as Comparatives. [Example 1lI-2] Propylene homopolymerization {(Hydrogenation upon second step polymerization)

(Catalyst preparation)
[0671] The method similar to that in Example Iil-1 was employed.

(First step polymerization)

[0672] Subsequently, the stirring was initiated at 400 rpm, and the propylene pressure was raised slowly to 8.0

kg/cm? G as a total pressure, and at the same time the temperature was raised slowly to 50°C. The polymerization was
effected for 20 minutes.

(Second step polymerization)

[0673] Subsequently, unreacted propylene was depressurized to 1.0 kg/cm? G. Hydrogen was then introduced at
the pressure of 0.3 kg/cm? G. The propylene pressure was then raised slowly to 8.0 kg/cm? G as a total pressure, and
the temperature was raised slowly to 70°C, and the polymerization was effected for 30 minutes. After completion of the
reaction, unreacted propylene was removed by depressurization. The reaction mixture was poured into 2L of methanol
to precipitate polypropylene, which was filtered and dried to obtain 32 g of polypropylene. The resin characteristics and
the physical characteristics described above were determined and the results are shown in Table 1lI-1.
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[Example i11-3} Propylenic copolymer

(1) Preparation of (1,2'-ethylene)(2,1'-ethylene)-bis(3-méthylindenyl)zi}conlum dichloride
[0674] The method similar to that in Example 11 in the first invention was employed.

(2) Propylene/ethylene copolymerization

[0675] A 2L stainless steel autoclave received 1.2 L of toluene, 1.5 mmol of triisobutylaluminium, 10 (Al mmol of a
methyl aluminoxane (Albemarle) and 20 pmoi of (1 ,2'-éthylene)(2,1'-ethylene)bis(S-methylindenyl)zirconium dichloride
and the mixture was warmed to 30°C, and then an ethylene/propylene gas mixture (molar ratio of ethylene/propylene =
1/100) was introduced. An excessive gas was vented so that the total pressure became 7.0 kg/crn2 G, and the polym-
erization was effected for 60 minutes while keeping a constant gas composmon in the reaction system, ahd then the
content was recovered and dried under reduced pressure to obtain.a propylemc copolymer. The evaluation of the resin
characteristics and the physical characteristics described above were examined and the results are shown in Table Ili-1.

[Comparative 11l-1] Single step polymerization of propylene (Hydrogenation)
{Catalyst preparation) R
[0676] T.he‘me.thod similar to that in Example ll1-1 was employed.

(Polymerization)
] .

[0677] Subsequently, hydrogen was introduced until the pressure became 1.0 kg/cm2 G, and the stirring was initi-
ated at 400 rpm. Then the propylene pressure was raised slowly to 8.0 kg/cm2 G as a total pressure, and at the same
time the temperature was raised slowly to 50°C, and the polymerization was effected for 60 minutes. After completion
of the reaction, unreacted propylene was removed by depressurization. The reaction mixture was poured into 2L of
methanol to precipitate polypropylene, which was filtered and dried to obtain 38 g of polypropylene. The resin charac-
teristics and the physical characteristics described above were determined and the results are shown in Table IlI-1.

[Comparative 111-2] Propylene homobolyfner (Non-hydrogenation)

(Catalyst preparation)

[0678] The method similar to that in Example 111-1 was employed.

{Polymerization)

[0679] Subsequently, the stirring was initiated at 400 rpm. Then the propylene pressure was raised slowly to 8.0
kg/cm? G as a total pressure, and at the same time the temperature was raised slowly to 30°C, and the polymerization
was effected for 60 minutes. After completion of the reaction, unreacted propylene was removed by depressurization.

The reaction mixture was poured into 2L of methanol to precipitate polypropylene, which was filtered and dried to obtain

13 g of polypropylene. The resin characteristics and the physical characteristics described above were determined and
the results are shown in Table llI-1.
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Table 11-1
ltem Example 1 Example 2 Exampie 3 Comparative Comparetive-
_ ' Example 1 Example 2
Resin character- | Comonomer - - 10 - -
istics /physical content, % by
characteristics mole
H25, % by 15 17 42 17 15
weight .
Tme°C nd nd 76 nd nd
AH J/mol nd nd 19 nd nd |
) 6 x (Tm-140) - - -384 - -
% mmmm, % by 40 41 - 41 42
mole
P, % by mole - - 76 - v .
rrvr/ (1-mmmm) - 0.04 0.04 - 0.04 0.04
Mw/Mn 9.6 4.5 6.1 , 21 2.2
[n] dvg 10.3 2.8 0.7 3.0 13.7
W25, % by 94 93 56 93 94
weight '
n* Pa-s 1590 920 - 840 1230 2930 -
159n + 743 2381 1185 854 1218 2921
% 2,1 insertion, .0 0 0 0 4.4
% by mole
% 1,3 insertion, 0 0 0 . (V] 4]
% by mole
Boiling diethyl- 25 30 56 3 23 |
ether extract, %
by weight
Tc°C nd nd nd nd nd
Tensile modulus 37 30 60 26 47
MPa
(NOTE)
nd: Not detected

[Fourth invention]

[0680]

the invention are described below.

(1) Intrinsic viscosity [n]

{o681]

(2) % Pentad and % abnormal insertion

[0682]

102

Measurement was made by the method described in the second invention.

Measurement was made by the method described in the second invention.
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(3) Comonomer unit content (% by mole) in copolymer

[0683] Measurement was made by the method described in the second invention.
(4) Molecular weight distribution (Mw/Mn) : e

[0684] Measurement was made by the method described in the first invention.

(5) DSC analysis

{o685] Measurement was made by the method described in the second invention.

(6) Temperature-raising fractional chromatography ' ' :

[o686] Measurement was made by the method described in the first invention.

0

(7) Tensile modulus

{0687] Measurement was made by the method described in the second ivention.

(8) Internal haze

[oe88] Measurement was made by the method described in the second invention.

(9) % Elasticity recovery -

f0689) The method described in JP-A-5-132590 was followed. Thus, a propylenic polymer was press-molded and
a JIS No.2 dumb-beil test specimen was prepared. The constant-width region of the dumb-bell was marked at 25 mm .
interval, which was designated as LO. The specimen was stretched using a tensile test device from 80 mm to 160 mm
of the interchuck distance at the stretching speed of. 50 mm/min, and then the inter-chuck distance was allowed to
become the initial length, and then after one minute the distance between the marks was determined and designated
as L1. A % elasticity recovery was calculated by the equation shown below When the value obtained was zero then the

result was judged as *No recovery”.

* [(2LO-L1YLO]jx 100

* LO: Initial distance between marks on dumb—bell

e L1 : Distance between marks on dumb-bell after stretching

(10) Anti-blocking ability

[0690] A propylenic polymer was press-molded to obtain a test piece, which was bound in the conditions described *
below and examined for its peeling strength by a tensile test device.

¢ Test piece: 15 cm x 62.5 mm x 2 mm
- Binding conditions: Bound at 40°C over the area of 15 mm x 31 mm under the pressing load of 0.7 kg for 3 hours.
»  Shear peeling conditions: Crosshead speed of 50 mm/min

(11) 1zod impact strength

[0691] A propylenic polymer was press-molded to obtain a test piece which was subjected to the test in accordance
with JIS K-7110 with the test piece thickness of 3 mm at the ambient temperature of -5°C.

(12) Amount of components dissolved out into Hexane (H25)

[0692}) Measurement was made by the method described in the second invention.
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(13) Boiling diethylether extract

[0693] " Measurement was made by the method described in the first invention.

(14) Density

‘

[0694] . A densit); was determined in accordance with JIS K7112.

(15) Glass transition temperature (Tg).. -

{0695] A glass transition temperature (Tg) was determined in accordance with JIS K7198 (Tensile oscillation
method) under the conditions specified below. :

*  Frequency 10 Hz

* Load300g .-

+  Temperature range -140°C to 80°C ' '
'

’ 1)
(16) Vicat softening point
[0696]) A Vicat softening point was determined in accordance with JIS K7206.

[}

[Example IV-1]

i
i

(1) Preparation of methyl aluminoxane/silica carrier ,
[0697) A thoroughly nitrogen-purged 500 mL glass contained fitted with a dropping funnel was charged with toluene
(500 mL) and then with 4.04 g of a silica (indicated also as SiO,) manufactured by FUJI SILICIA which had previously
been sintered at 200°C for 3 hours under nitrogen flow and the mixture was stirred at 400 rpm. At 0°C, a solution (29.8
mL) of a methy! aluminoxane (indicated also as MAO) manufactured by Albemarie in toluene was added slowly over 45
minutes. The stirring was continued further for 1 hour at 0°C, 1 hour at room temperature and then 4 hours at 80°C.
After completion of the reaction, the mixture was allowed to cool to 60°C at which point the supernatant was washed by
means of decantation three times with toluene (200 mL) and three times with heptane (200 mL) to obtain an intended
product. The product was stored as a heptane slurry in a Schienk's bottle. The amount of aluminum supported was

. 12.06 % when determined by an UV quantification method.

(2) Synthesis of (dimethylsilylene) 2 (3-n-butylindenyl)2 zirconium dichloride
[0698] The method similar to that described in Example I1-1 in the second invention was empioyed.-

(3) Synthesis of rac-Me2 Si(2-Et-4,5-BenzInd)2ZrCI2 [racemi-dimethyisilylene bis(2-ethyl-4,5-benzoindenyi)zirconium
dichloride}

[0699] According to the description in JP-A-6-184179 and JP-A-7-196734, the procedures of (1) to (Vi) were
employed for the synthesis.

» Synthesis of diethyl-ethyl(2-naphthylmethyl)malonate (1)

[0700] 7.63 g (320 mmol) of sodium is dissolved in 200 mL of absolute ethanol with heating, and treated dropwise
with 58.1 ml (310 mmol) of diethylethyl malonate at room temperature. A solution of 64 g (310 mmol) of 2-bromonaph-
thalene dissolved in 300 mL of ethanol is added dropwise slowly at 0°C, and the reaction mixture is heated under reflux
for 5 hours. This is poured into an ice water, and extracted with ethyl acetate. The organic phase is dried over anhydrous
sodium sulfate and the solvent is distilled off. To the oily residue, 50 mL of hexane was added and cooled to 0°C to
obtain 7.12 g of Compound (J) (yield: 70%). ’ ’

« Synthesis of 2-ethyl-3-naphthylpropionic acid (I)

[o701] A solution of 33.8 g (603 mmol) of potassium hydroxide dissolved in 100 mL of water is added dropwise to
49.3 g (150 mmol) of Compound (1) in 150 mL of ethanol, and the reaction mixture is heated under reflux for 4 hours.
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After distilling the solvent off, the solid obtained is combined with ethy! acetate and water and adjusted at pH1 with
hydrochloric acid. After drying over anhydrous magnesium sulfate, the solvent of the organic phase is distilled off. The
residue is combined with hexane and stirred. The brown solid thus obtained is placed in a flask, which is heated at
175°C. After heating until termination of gas evolution followed by cooling fo room temperature, 30 g of Compound (Il}
was obtained as a brown solid (yield: 87 %). o

« Synthesis of 2-ethyl-6,7-benzoindan-1-on (!}

[0702) 30g(131 mmol) of Compound (1}) is admixed with 29 mL of thiony! cp!oride, and the mixture is heated under
reflux for 30 minutes. Subsequently, an excessive thionyl chloride is distilled off under reduced pressure. To the residue,
50 mL of methylene chioride is added. The solution is‘added dropwise slowly to a suspension of 36 mg (262 mmot) of
alurninum trichloride in 100 mL of methylene chioride, and after completion.of the addition the mixture is further heated
under refiux for 30 minutes. The mixture is poured onto an ice, and extracted with methylene chloride. The organic
phase is dried over anhydrous sodium sulfate and the solvent is distilled off. The brackish-brown oil is subjected to a

column chromatography on silica gel using hexane/ethyl acetate=8/2 as ‘an eluent to obtain 11.3 g of Compound (i)
(yield: 41 %). ) '

* Synthesis of 2-ethyl-4,5-benzoindene {IV)

[0703] In 400 mL of a sotvent mixture of THF/methanol (2:1), 1.3 g-(53,7 mmol) of indanone (ill) is dissolved and

admixed with 3.0 g (80.5 mmol) of sodium borohydride in portions. The reaction mixture is stirred for 12 hours at room
temperature. The solution is poured onto an ice and hydrochloric acid is added. After extraction with ether, the organic
phase is washed with water and dried over anhydrous sodium sulfate. After distilling the solvent off, an orange oil, is

dissolved in 300 mL of toluene, and the solution is heated together with 0.77 g (4.26 mmol) of p-toluenesulfonic acid at

80°C for 15 minutes. After allowing to cool to room temperature followed by 'washing several times with water followed
by drying over anhydrous sodium sulfate, the solvent is distilied off. The residue was subjected to a column chromatog-

raphy on silica gel using hexane/ethyl acetate=20/1 as an eluent to obtain 6.2 g of Compound (IV) as a colorless oil
(yield: 59 %). . o

* Synthesis of di_methylbis(z-ethyl-4,5-benzoindenyl)silane V)

[0704] 6.2 g (31.7 mmol) of indene (IV) is dissolved in 50 mof THF, and 20.7 mL (31.7 mmol, 1.53M solution in hex-
ane) of n-butyllithium is added dropwise. The reaction mixture is heated under reflux for 1 hour. The solution is added
dropwise to a solution of 1.93 g (15 mmol) of dimethyidichlorositane in 10 mL of THF, and the mixture is heated under
reflux for 6 hours. The reaction solution is hydrolyzed and extracted with ether. The organic phase is dried over anhy-
drous sodium sulfate and the solvent is distilled off. The residue is subjected to a column chromatography on silica gel
using hexane/ethy! acetate 3 % as an eluent to obtain 2.8 g of Compound (V) (yield: 41 %).

« Synthesis of rac-Me2 Si(2-Et-4,5-Benzind)2ZrCl2 [racemi-dimethylsilylene bis(2-ethy!-4,5-benzoindenyl)zirconium
dichloride} (V1) .

[o705] 2.8 g (6.3 mmol) of Compound (V) is admixed with 20 mL of THF and treated dropwise with 10.3 mL (15.8
mmol, 1.53 M solution in hexane) of n-butyllithium. The reaction mixture is stired for 12 hours at room temperature.
After distilling the solvent off, the residue is washed with hexane. The powder thus obtained is dried under reduced
pressure. This is suspended in 25 mL of methylene chloride and combined with 1.5 g (6.3 mmol) of zirconium tetrachlo-
ride suspended in 25 mL of methylene chloride. The reaction mixture is stirred for 12 hours at room temperature, and
the solvent is distilled off and the residue is extracted with 20 mL of toluene. The residue of the toluene extract is
extracted with methylene chloride, and the extract is concentrated and stored in a refrigerator to obtain 1.3 g of a met-
allocene (V1) (yield: 35 %). '

(4) Preparation of co-supporting catalyst

[0706] A thoroughly nitrogen-purged 50 mL Schlenk's tube was charged under nitrogen flow with heptane (5 mL)
and triisobutylaluminium (2M, 0.25 mL, 0.5 mmol) foilowed by a slurry of MAO/SiO, carrier obtained above (0.37 mol/L,
13.6 mL, 5 mmol, as Al) in heptane and a slurry of bis-(dimethylsilylene)-bis-(3-n-butylindenyl)zirconium dichloride
[(SIM2)(SiMe2)(3-n-Bulnd)2ZrCI2] (5 umol/mL, 2.5 mL, 12.5pumol) in heptane, a slurry of dimethylsilylene-bis(2-ethyl-
4,5-benzoindenyl)zirconium dichloride [SiMe2 (2-Et-4,5-BzInd)2ZrCI2] (10 umo¥mL, 0.25 mL, 2.5umol) in heptane, and
stirred at room temperature for 30 minutes to obtain a co-supporting catalyst (1).
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(S)IVIapor phase polymerization of propylene

[0707] A 5L autoclave was charged with 100 g of a polypropyiene powder (homo-PP, 720um of greater in particle .
size) as a catalyst dispersant and dried under vacuum for 20 minutes at 70°C. After allowing to be at an atmospheric
pressure with nitrogen, triisobutylaluminium (2M, 1.25 mL, 25 mmol) was added under nitrogen flow with stirring (200'
rpm). After stirring for 15 minutes, the co-supporting catalyst (1) prepared in Step (3) was added and the mixture was
stirred for 5 minutes. Beginning at this time point (50°C, atmospheric pressure, 200 rpm), the temperature and the pres-
sure were raised over 30 minutes to the reactor temperature of 70°C and the propylene pressure of 28 kg/crn2 G with
stirring at 350 rpm, and then the vapor phase polymenzatlon was continued further for 60 minutes. As a result, a pow-
dery polymer undergeing no adhesion onto the wall was obtained. The yield was 260 g. The polymer thus obtained was .
extracted with diethylether as described above and the resin characteristics were measured. The results are shown in

Tablé IV-1. In this table, Example 1 means Example IV-1. The same applies analogously to Example 2 or later as well
as'Comparatives. ’

(M Pr_eparation of supporting catalyst (1)

i [‘0708] A thoroughly nitrogen-purged 50 mL Schlenk's tube was charged under nitrogen flow with heptane (5 mL)

and triisobutylaluminium (2M, 0.25 mL, 0.5 mmol) followed by a slurry of MAO/SiO2 carrier obtained in Example V-1,
Step (1) (0.37 moliL, 13.6 mL, 5 mmol, as Al) in heptane and a slurry of dimethylsilylene-bis(2-ethyl-4,5-benzoinde-
nyl)zirconium dichloride [SiMe2 (2-Et-4,5-Bzind)2ZrCi2}] obtained in Example IV-1, Step (3) (10 pmol/mL, 0.25 mL
2.5umol) in heptane, and stirred at room temperature for 30 minutes to obtain a co-supporting catalyst (1).

{(2) Vapor phase two-step polymerization employing high stereoregular supponed metallocene catalyst in first step and

low stereoregular supported metallocene catalyst in second step

(First step polymerization)

[0709] A 5L autoclave was charged with 100 g of 'a polypropylene powder (homo-PP, 720pm of greater in particle
size) as a catalyst dispersant and dried under vacuum for 20 minutes at 70°C. After allowing to be at an atmospheric
pressure with nitrogen, triisobutylaluminium (2M, 1.25 mL, 25 mmol) was added under nitrogen flow with stirring (200

‘rpm). After stirring for 15 minutes, the co-supporting catalyst (1) prepared in Step (1) was added and the mixture was

stirred for § minutes. Beginning at this time point (50°C, atmospheric pressure, 200 rpm), the temperature and the pres-
sure were raised over 30 minutes to the reactor temperature of 706°C and the propylene pressure of 28 kg/cm,2 G with
stirring at 350 rpm, and then the vapor phase polymerization was continued further for 20 minutes.

(Second step polymerization)

[0710] Subsequently, a thoroughly nitrogen-purged 50 mL Schlenk's tube was charged under nitrogen flow with tol-
uene (10 mL) and a solution of triisobutylaluminium (2M, 0.256 mL, 0.5 mmol} in heptane followed by a slurry of
MAO/SIO2 carrier obtained in Example V-1, Step (1) (0.37 moliL, 6 mL, 2.5 mmol, as Al) in heptane and a slurry of bis-
(dimethylsilylene)-bis-(3-n-butylindenyl)zirconium dichloride [(SiM2)(SiMe2)(3-n-Buind)2ZrCI2] obtained in Example -
1V-1, Step (2) (5 umolmL, 0.1 mL, 0.5 umol) in heptane, and stirred at room temperature for 5 minutes to obtain a co-
supporting catalyst (2). This solution was introduced in an autoclave using a catalyst-introducing tube. Then the polym-
erization was effected until the total pressure became 28 kg/em? G at 70°C for 30 minutes. As a result, a powdery pol-
ymer undergoing no adhesion onto the wall was obtained. The yield was 200 g. The polymer thus obtained was
examined for the diethyl-characteristics described above were measured. The results are shown in Table IV-1.

[Exampte 1V-3]
(1) Preparation of solid catalyst component

[0711) After purging a SL three-necked flask fitted with a stirrer with a nitrogen gas, 500 mL of dehydrated heptane
and 160 g (1.4 M) of diethoxymagnesium were added. The mixture was heated to 40°C, combined with 28.6 mL (225
mM) of silicon tetrachioride, stirred for 20 minutes, and then admixed with 25.2 mL (127 mM) of diethyl phthalate. The
solution was heated to 80°C and treated dropwise with 461 mL (4.2 M) of titanium tetrachloride using a dropping funnel,
and then stired at the internal temperature of 110°C for 2 hours to allow the catalyst to be supported. Thereafter, the-
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' catalyst was washed thoroughly with dehydrated heptane. 768 m! (7M) of titanium tetrachloride was further added and
_stired at the internal temperature of 110°C for 2 hours whereby effecting the second supporting procedure. Theresfter,

the catalyst was washed thoroughly with dehydrated heptane to obtain Solid Component A (supported Ti content -3.0
% by weight). ‘

(2) Preliminary polymerization of solid catalyst component

[0712] A nitrogen-purged 5L three-necked flask fitted with a stirrer was charged with a slurry of 60 g of the solid cat-
alyst component (37.6 mM-Ti) obtained above in heptane and also with dehydrated heptane to make the entire volume
500 mL. The solution was stirred with being kept at 10°C, and combined with 24.8 mM of triethYlalumlnium and 12.4
mM of cyclohexylmethyldimethoxysilane. While still keeping the témperature at 10°C, a predetermined amount of pro-
pylene was allowed to be absorbed for 40 minutes, and the residual monomer was washed thoroughly with heptane

- with being purged with nitrogen, whereby obtaining 65 g of a preliminary polymerized catalyst B (seal level = 0.083 g

PP/g solid catalyst).

3) TWo-step slurry polymerization of propylene employing preliminarily potymerized Mg-Ti-based catalyst in first step
and low stereoregular metallocene catalyst in second step

{First step polymerization) ’ '

[0713] A 1L stainless steel autoclave fitted with a stirrer was dried thoroughly, purged with nitrogen, and then
charged with 400 ml of dehydrated heptane. 2mM of triethylaluminium and 8.6 mg of Catalyst B were added, and hydro-
gen was introduced at 1 kg/cm? G, and then propylene was introduced with' raising the temperature and the pressure
to 80°C and 8 Kg/c:m2 G as a total pressure, followed by effecting polymerization for 20 minutes. Thereafter, the tem-
perature was lowered to 50°C and the system was depressurized. ’

(Second step polymerization.

[0714] Subsequently, a thoroughly nitrogen-purged 50 mL Schlenk's tube was charged under nitrogen fiow with tol- ’
uene (10 mL) and a solution of triisobutylaluminium in heptane (2M, 0.5 mL, 1.0 mmol) followed by a solution of MAO
in toluene (1.43M, 0.35 mL, 0.5 mmol) and a slurry of bis-(dimethylsilylene)-bis-(3-n-butylindenyl)zirconium dichloride
[(SiMe,)(SiMey)(3-n-Bulnd)2ZrCl,] in heptane (5 pmoVmL, 0.6 mL, 2.5umol), and stirred at room temperature for 5 min-
utes to obtain Catalyst (3). This solution of catalyst was fed to an autoclave using a catalyst-introducing tube. The pres-
sure of propylene was raised slowly to 80 kg/cm? G as a total pressure, and the polymerization was effected at 70°C for
40 minutes. After completion of the reaction, unreacted propylene was.removed by depressurization. The reaction mix-
ture was poured into 21 of methanol to precipitate polypropylene, which was filtered and dried to obtain 21 g of polypro-

‘pylene. The polymer thus obtained was extracted with diethylether as described above and the resin characteristics

were measured. The results are shown in Table IV-1.

[Example 1V-4]) Two-step vapor phase polymerization of propylene employing preliminarily polymerized Mg-Ti-based

catalyst in first step and low stereoregular metallocene catalyst in second step

{First step polymerization)

[0715] A 5L autoclave was charged with 30 g of a polypropylene powder (homo-PP, 720um of greater in particle
size) as a catalyst dispersant and dried under vacuum for 20 minutes at 70°C. After allowing to be at an atmospheric
pressure with nitrogen, triethylaluminium (2M, 1.8 mL, 3.6 mmol) was added under nitrogen flow with stimring (200 rpm).
After stirring for 15 minutes, the reaction system was depressurized. Thereafter, hydrogen was introduced at 3 kg/cm2
G, and propylene gas was introduced until the total pressure became 28 kg/cm? G. Then a mixture of heptane (10 mL),
triethylaluminium (2M, 0.2 mL, 0.4 mmol) and Catalyst B (17.3 mg, Ti:0.01 mmol) was added via a catalyst-mtroducmg
tube, and the vapor phase polymerization was effected for 20 minutes at 400 rpm.

{Second step polymerization)

[0716] Subsequently, the solution of Catalyst (3) prepared similarly as in Example IV-3, Step (3) was placed in the
autoclave. The polymerization was effected further for 40 minutes at 70°C and the total pressure of 28 kg/em? G. As a
result, a powdery polymer undergoing no adhesion onto the wall was obtained. The yield was 270 g. The polymer thus
obtained was extracted with diethylether as described above and the resin characteristics were measured. The results
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are shown in Table IV-1.

[Example IV-5] Two-step sturry polymenzatlon of propylene employing hlgh stereoregular metallocene catalyst in first
step and low stereoregular metallocene catalyst in second step

1

(First step polymerization) . )
o) " A1 L stainless steel, pressure-resistant autoclave fitted with a stirrer was heated to 80°C and dried urider
reduced pressure thoroughly, and then it was allowed to be at atmbsphéric pressure with a dry nitrogen and allowed to
cool to room temperature. Under dry nit'rogen flow, 400 mL of dried deoxygenated heptane and a solution of triilsobuty-
laluminium in heptane {2.0M, 0.5 mL, 1.0 mmol) were added and stirred at 350 rpm for a while. On the other hand, a
thoroughly nitrogen-purged 50 mL Schlenk's bottle were charged under nitrogen flow with toluene (10 mL) and a solu-
tion of triisobutylatuminium in heptane (2M, 0.5 mL, 1.0 mmol) and then with a solution of a MAO in toluene (1.43 M,.
0.35 mL, 0.5 mmol) and a slurry of dimethylsilylene-bis-(2- ethyl -4,5-| benzomdenyl)znrcomum dichloride [SiMe2- (2-Et-
4,5-BzInd)22rCI2) obtained in Example IV-1, Step (3) in heptane (1umonL 0.1.mL, 0. 1umol), which were stirred at
room temperature for 5 minutes. The catalyst slurry was placed rapidly in the autoclave. Subsequently, the stirring was
initiated at 1200 rpm, and the propylene pressure was raised slowly to 8.0 kg/cm? G as a total pressure, and at the
same time the temperature was raised slowly to 50°C. The polymerization was effected for 20 minutes. Subsequently,
unreacted propylene was removed by depressurization.

- (Second step polymerization)

'[0718) A solution of Catalyst (3) prepared similarly as in Example IV-3, Step (3) was placed in the autoclave. Then

the propylene pressure was raised slowly to 8.0 kg/em? G as a total pressure to effect polymerization for 40 minutes at
50°C. After completion of the reaction, unreacted propylene was removed by depressurization. The polymer thus
obtained was poured into 2L of methano! to precipitate polypropylene, which was filtered and dried to obtain'31 g of
polypropylene. The polymer thus obtained was extracted with diethylether as described above and the resin character-
istics were measured. The resufts are shown in Table IV-1.

[Example IV-6} Polymerization of propylene using co-cataiyst

[0719] A 1 L stainless steel, pressure-resistant autoclave fitted with a stirrer was heated to 80°C and dried under
reduced pressure thoroughly, and then it was allowed to be at atmospheric pressure with a dry nitrogen and allowed to
cool to room temperature. Under dry nitrogen flow, 400 mL of dried deoxygenated heptane and 1.0 mL (2.0 mmol) of a
solution of triisobutylaluminium in heptane (2.0M) were added and stirred at 350 rpm for a while. On the other hand, a
thoroughly nitrogen-purged 50 mL Schlenk's bottle were charged under nitrogen flow with toluene (10 mL) and a solu-
tion of triisobutylaluminium in heptane (2M, 0.5 mL, 1.0 mmiol) and then with a solution of an MAO in toluene (1.43 M,
0.35 mL, 0.5 mmol), an slufry of bis-(dimethylsilylene)-bis-(3-n-butylindenyl)zirconium dichloride [(SiM2)(SiMe2)(3-n-
Bulnd)22ZrC!2] obtained in Example IV-1, Step (2) in heptane (5 pmol/mL, 0.1 mL, 0.5 umol), and a slurry of dimethyls-
ilylene-bis-(2-ethyl-4,5-benzoindenyl)zirconium dichloride [SiMe2 (2-Et-4,5-BzInd)2ZrCI2] obtained in Example V-1,
Step (3) in heptane (1umol/mL, 0.1 mL, 0.1umot), which were stirred at room temperature for 5 minutes. The catalyst
slurry was placed rapidly in the autoclave.

[0720] Subsequently, the stirring was initiated at 1200 rpm, and the propylene pressure was raised slowly to 8.0
kg/cm? as a total pressure, and at the same time the temperature was raised slowly to 50°C. The polymerization was
effected for 20 minutes. After completion of the reaction, unreacted propylene was removed by depressurization. The
reaction mixture was poured into 2L of methanol to precipitate polypropylene, which was filtered and dried to obtain 22
g of polypropylene. The polymer thus obtained was extracted with diethylether as described above and the resin char-
acteristics were measured. The resufts are shown in Table 1V-1.

[Example IV-7] Propylenic copolymer

(1) Preparation of (1,2"-ethylene){2,1'-ethylene)-bis(3-methylindenyl)zirconium dichloride
[0721] The method described in Example 1-1 in the first invention was employed.

(2) Propylene/ethylene copolymerization

[0722] A 2L stainless steel autoclave received 1.2 L of toluene, 1.5 mmot of triisobutylaluminium, 10 (Al) mmol of a
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methyl aluminoxane (manufactured by Albemarle) and 20 pmol of (1,2'-ethylene)(2, 1*-ethylene)bis(3-methylindenyl)zir-
 conium dichloride and the mixture was warmed to 30°C, and then an ethylene/propylene gas mixture (molar ratio of eth-
ylene/propylene = 1/100) was introduced. An excessive gas was vented so that the total pressure became 7.0 kg/cm2
‘G, and the polymerization was effected for 60 minutes while keeping a constant gas composition in the reaction system,
and then the content was recovered and dried under reduced pressure to obtain a propylenic copolymer. The polymer
thus obtained was extracted with diethylether as described above and the resin characteristics were measured. The
results are shown in Table IV-1. '

. [Example IV-8] ' B

(1) Propylene polymerization

[0723] A 10L stainless steel autoclave received 6 L of heptane, 6 mmol of triisobutylaluminium, and a catalyst com-

. ponent obtained by bringing 5 mmol of a methyl aluminoxane (manufactured by Albemarle) into preliminary contact with

5 umol of (1,2 :dimethylsilylene){2,1'-dimethylsilylene)bis(3-n-butylindenyl)2 zirconium dichloride in toluene for 5 min-
utes. After introducing hydrogen at 0.5 kg/cm2 G, a propylene gas was introduced until the total pressure betame 8.0
kg/crn?, and the propylene gas was supplied using a pressure controller to keep a constant pressure during polymeri-
zation. After polymerizing at 50°C for 30 minutes, the content was recovered and dried under reduced pressure to
obtain a propylene homopolymer.

(3) Formulation and kneading

[0724] 30 Parts by weight of the polypropylene homopolymer obtained above and 70 parts by weight of a PE-based
resin, EG8100 available from Dow Chemical (glass transition temperature Tg= -100°C) were combined with the follow-

ing additives and extruded by a single-screw extruder (TSUKADAJUKISEISAKUSHO: Model TLC35-20) to granulate
into a pellet. : ’

(Formulation of additives)
[0725)

*  Phenolic antioxidant: IRGANOX 1010 available from Ciba Specialty Chemicals, 1000 ppm
*  Phosphorus-based antioxidant: IRGAPHOS 168 available from Ciba Specialty Chemicals: 1000 ppm

(4) Evaluation of resin characteristics and physical characteristics

[0726) Evaluation was made by the methods describéd above. The results obtained are shown in Tables VI-2 and
Vi-3. :

[Example IV-9} Resin blend

[0727]} The procedure similar to that in Examp|é V-8 was employed except for changing the amounts of the propyl-
ene homopolymer of Example 1V-8 and the PE-based resin, EGB100 available from Dow Chemical (glass transition

temperature Tg= -100°C), to 60 parts by weight and 40 parts by weight, respectively. The results obtained are shown
in Tables VI-3. ‘

[Example 1V-10] Resin blend
[0728] The procedure similar to that in Example IV-8 was employed except for using 30 parts by weight of the pro-
pylene homopolymer of Example V-8, 40 parts by weight of Polypropylene E105GM available from IDEMITSU SEKIYU

KAGAKU (Tc=110°C) and 40 parts by weight a PE-based resin, EG8100 available from Dow Chemical (glass transition
temperature Tg= -100°C). The results obtained are shown in Tables VI-3.
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Table IV-1 v
Item Example 1 | Example 2 | Example 3 | Example 4,| Example 5 | Example 6 | Example 7
-1 Entire poly- { Comono- - - - - - - 10
mer. mer con- "
tent, % by
mole \ _ -
n} dvg 26 21 1.4 24 ‘3.2 3.4 0.7
Boiling 25 19 9 22 27 15 56
diethyl-
ether ,
extract, %
by weight
Diethyl- % mmmm,. 40 39 1 39 42 39 -
ether % by mole’ )
exract © o by - - - .- - - 76
compo- e
mole K
nents
reve/ (1-, 0.04 0.04 .0.04 0.04 0.04 0.04 -
mmmm) '
W25, % by 95 96 94 95 94 . 95 56"
weight '
i .
Mw/Mn 23 2.2 2.4 . 22 2.3 2.3 6.1
{n) dvg 2.6 25 | 3.9 26 4.1 3.8 0.8
Tm °C nd nd nd nd nd . - nd 76
AH J/mol nd nd nd nd nd nd 19,
Te°C nd nd nd nd nd nd 18
% 2,1 0 - 0 0. 0 0 0 -
insertion,
% by mole
% 1,3 o 0 ) 0 0 ] -
insertion,
% by mole
(NOTE)
‘nd: Not detected
Table iV-2
Propylene homopolymer produced in Example 8(a)
Item (a)
Comonomer content, % by mole -
W25, % by weight 93
H25, % by weight 17
Tme°C nd
AH J/mol nd
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‘Table IV-2 (continued)

Propylene homopolymer produced in Example 8(a)
Item ‘ (a)

6 X (Tm-140) -

[m] dig 25

Boiling diethylether extract, % by weight 30

% mmmm, % by mole. 41

P, % by mole 7 -

rrir/ (1-mmmm) 0.04

Mw/Mn . 24 ,

, % 2,1 insertion, % by mole 0

‘ % 1,3 insertion, % by mole 0

Tc°C nd

‘ (NOTE)
' nd: Not detected
Table IV-3 .
- ltem Example 8 | Example 9 |} Example.10

Formulation ratio Component (a), % by weight 30 60 30

EGB8100, % by weight 70 40 30

E105GM, % by weight - - 40
Resin composition Comonomer content, % by mole - - -

[n] di/g 2.6 2.1, 1.4

Boiling diethylether extract, % by weight 25 19 9-
Physical characteristics | Tensile modulus MPa 20 25 150

% Elasticity recovery % 69 64 10

. Izod impact strength KJ/m? No break No break No break

Vicat softening point °C 42 50 90
(NOTE)
1zod impact strength: Determined at -30°C with notches being formed

[Fifth invention)

[0729])
below.

(1) Intrinsic viscosity [n]

A method for evaluating the resin characteristics and the film performance in this invention are described

[0730] Measurement was made by the method described in the second invention.
(2) % Pentad and % abnormal insertion

[0731] Measurement was made by the method described in the second invention.
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(3) Molecular weight distribution (Mw/Mn)

[0732] Measurement was made by the method described in the first invention.

[0733] Measurement was made by the method described iq the second invention.

(5) Temperature-raising fractional chromatography

[0734]) Measurement was made by the method described in the first invention.

" (6) Tensile modulus

[0735] Measurement was made by the method deéscribed in the first invention. -

(7) Amount of components dissolved out into Hexane (H25)

{0736] Measurement was made by the method described in the second invention.

"Film Qualification” '

[0737] A film once formed was annealed at 40°C for 24 hours and then conditioned at a temperature of é3ﬁ°C and
a humidity of 50+10% for 16 hours or longer and subsequently qualified at the same temperature and humidity.

(1) Heat seal temperature and heat seal strength

[0738] A test was conducted in accordance with JIS Z-1707. Typically, under the conditions specified below, a heat
seal bar whose temperature was corrected as being read by a surface thermometer was used to seal a film which was
then allowed to stand at room temperature overnight and examined for the peeling strength (heat seal strength) by a
type-T peeling method at the peeling speed of 200 mm/min at room temperature. The heat seal temperature was
defined as the temperature at which the peeling strength was 300 ¢/15 mm, and calculated on the basis of a curve of
a seal strength vs peeling strength. '

Sealing conditions
{0739]
Seal surface: Metal roll surface/metal roll surface
Seal area: 15 x 10 mm
Seal pressure: 2.0 kglcrn2
Seal duration: 1 second
Seal temperature: Several temperatures over the range which include the heat seal temperature to be calculated
later ) :
(2) Haze
[0740} A test was conducted in accordance with JIS K-7105. .

(3) Tensile modultus

[0741] A tensile test was conducted under the conditions specified below in accordance with JIS K-7127.

Crosshead speed: 500 mmy/min
Load cell: 10 kg
Direction: Machine direction
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4) Frequency distribution determination of melt viscoelasticity
[0742] A rotary rheometer manufactured by RHEOM ETRIX is used together with a cone plate (25 mm in diameter,
0.10 radian in cone angle) at the temperature of 175°C with the initial strain of 20 % to perform the frequency. distribution

determination of the melt viscosity. A complex modulus of elasticity G* (iw) at a frequency (w(rad/sec)) can be repre-
sented by a stress 6" and a strain y* as shown below.

' e G* (iw) =c"/ v* = G{0) + iG"(w)

wherein i is an imaginary number unit.

[Example V-1}

. (1) Catalyst preparation

Synthesis of (dimethylsilylene)2(3-n-butylindenyl)é zirconium dichloride ’ )
. \!

[0743] The method described in Example I1'in the second invention was employed.

(2) Propylene polymerization '

[0744) A 10L stainless steel autoclave received 6 L of heptane, 6 mmol of triisobutylaluminium, and a catalyst com-

ponent obtained by bringing 5 mmol of 2 methy! aluminoxane (Albemarle) into preliminary contact with § pmol of (1,2'-
dimethylsilylene)(2,1'-dimethylsilylene)bis(3-n- butylindenyl)2 zirconium dichloride in toluene for 5 minutes. After intro-
ducing hydrogen at 0.5 kg/cm2 G, a propylene.gas was introduced until the total pressure became 8.0 kg/cmz, and the
propylene gas was supplied using a pressure controller to-keep a constant pressure during polymerization. After polym-
erizing at 50°C for 30 minutes, the content was recovered and dried under reduced pressure to.obtain a propylene
homopolymer (B-1).

(3) Formulation and kneading

[0745] The polyprdpylene homopolymer (B-1) obtained above was combined with. the following additives and
extruded by a single-screw extruder (manufactured by TSUKADA JUKISEISAKUSHO: Model TLC35-20) to granulate
into a pellet.

(Formulation of additives)
- [0748)

Phenolic antioxidant: IRGANOX 1010 available from Ciba Speciatty Chemicals, 1000 ppm
Phosphorus-based antioxidant: P-EPQ available from Ciba

Specialty Chemicals: 500 ppm

Neutralizing agent: Calcium stearate: 500 ppm

Neutralizing agent: DHT-4A: 500 ppm

(4) Production of resin composition

[0747] 15 Parts by weight of the propylenic polymer [a-1] produced as described above as a propylenic polymer [l]
and 85 parts by weight of IDEMITSU POLYPRO F-704NP as a crystalline propylenic polymer [ll] were placed in a
blender and mixed thoroughly, and then extruded by a single-screw extruder (manufacture by TSUKADA JUKISEI-
SAKUSHO: Model TLC35-20) whereby effecting granutation.

(5) Film forming

[0748] From the pellet of the propylenic resin composition thus obtained, a film whose thickness was S50um was
formed using a 20 mmé molding machine manufactured by TSUKADA JUKISEISAKUSHO with the T die exit resin tem-
perature of 190°C, the chill roll temperature of 30°C and the haul-off speed of 6 m/min.
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(6) Evaluation of resin characteristics and physical characteristics
[0749] Evaluation was made by the methods described above. The results obtained are shown in Tables V-1 and
V-2. In these tables, Example 1 means Example V-1. The same applies analpgously to Example 2 or later as well as

Comparative Examples

[Example V-2] ' o

[0750]  The method similar to that in Example V-1 was employed except for changing the blend ratios of the propyl-
enic polymer [a-1] and IDEMITSU POLYPRO F-704 NP to 30 parts by weight and 70 parts by weight, respectlvely The
results are shown in Table V-2.

[Example V-3]

t0751] The method similar to that in Example V-1 was erﬁployed except for‘chan'ging the blend ratios of thé propyl-

_enic polymer [a-1] and IDEMITSU POLYPRO F-704 NP to 60 parts by weight-and 40 parts by welght respectively. The

resutts are shown in Table V-2.

[Comparative Example V-1] L

.[0752] The method similar to that in Example V-1 was employed except for using an ethylene-propylene copolymer

rubber available from NIPPON SYNTHETIC RUBBER KK (Grade: EP913Y) |nstead of the propylenic polymer [a-1]..

" The results are shown in Table V-2.

[Comparative Example V-2]

)
[0753] " The method similar to that in Example V-2 was employed excépt for using an ethylene-propylene copolymer
rubber available from NIPPON SYNTHETIC RUBBER KK (Grade: EP913Y) instead of the propylenic polymer [a-1].
The results are shown in Table V-2.
[Comparative Exampie V-3]
[0754] The method similar to that in Example V-3 was employed except for using an ethylene-propylene copolymer
rubber available from NIPPON SYNTHEI'IC RUBBER KK’ (Grade: EP913Y) instead of the propylenic polymer [a-1].
The results are shown in Table V-2.'

[Comparative Example V—4]

[0755} The method similar to that in Example V-1 was employed except for using only IDEMITSU POLYPRO F-
704NP without blending a propylenic polymer [l]. The results are shown in Table V- 2.

[Comparative Example V-5]

[0756] The method similar to that in Example V-1 was employed except for using only IDEMITSU POLYPRO F-
454NP without blending a propylenic polymer [1]. The results are shown in Table V-2.

{Comparative Example V-6]}

[0757)] The method similar to that in Example V-1 was employed except for using only IDEMITSU TPO E2900 with-
out blending a propylenic polymer {l]. The results are shown in Table V-2.

Table V-1
Propylenic polymer (1) (a-1) -
W25, % by weight 93
H25, % by weight 17
114
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Table V-1 (continued)

15

40

Propylenic polymer (1) (a-1)
AH J/mol nd
6 x (Tm-140) ‘ -
% mmmm, % by mole 41
rere/ (1 -mmmm), % by mole 4
% 2,1 insertion, % by mole 0
% 1,3 insertion, % by mole 0
Mw/Mn 24
[n} dig 25
Tme°C nd
Tee°C Vnd
Tensile modulus MPa 31
(NOTE)

n.d.: Not detected
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[Sixth invention]

'[0758] Respective tests and evaluations were made as described below.

[1] Intrinsic viscosity gl .

© [0759) Measurement was made by the method described in the first invention.

[2] Molecular weight distribution (Mw/Mn)
[0760] Measurement was made by the method described in the first invention.

[3] % Isotactic pentad

[0761] A % isotactic pentad (% mmmm, % by mole) means the proportion (%) of the propylene structure units each
having a meso-structure (mmmm structure in which § methy! groups are aligned in the same direction) in 5 propylene
strugture units based on the assignment of the peaks in a 13C-NMR spectrum as described by Cheng H.N., Ewen J.A.,
Macromol.cem., 1989, 180, 1350, and was determined using the following device and the conditions.

Instrument: Nippon Densi Model JNM-EX400 NMR device

Sample concentration: 220 mg/NMR Solvent 3ml

NMR Solvent: 1,2,4-Trichlorobenzene/benzene-d6 (90/10 vol %)

Temperature: 130°C )

Pulse gap: 45° !

Pulse interval: 4 seconds

Number of cycles: 10000 times

[4] When a % isotactic pentad (% mmmm, % by mole) and a melting point (TIT"l°C) are in the relationship represented
by Formula (1): '

fo762)

Tm < [mmmm] + 65 ) )
then the result was judged as OK, and when not the result was judged as NO.
{5] Tensile modulus

[0763] A tensile test in accordance with JIS K-7127NI| was employed. The test was conducted at the crosshead
speed of 500 mm/min in the machine direction (MD).

[6] When a tensile modulus (TM (MPa)) and a heat seal temperature (HST(°C)) are in the relationship represented by
Formula (I1):

[0764]

TM 222 x HST - 1850 o (mn
then the result was judged as OK, and when not the resulf was judged as NO.
[7] Fitm impact (F.1.)

[0765] A film impact means a impact destruction strength, and was determined using a film impad 'tester produced
by TOYOSEIKI together with a 1-inch impact head.

[8] Heat seal temperature (HST)

[0766]) A heat seal temperature (HST) was determined in accordance with JIS K-1707. After sealing under the fus-
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ing conditions described below followed by aillowing to stand at room temperature overnight, the peeling strength was
determined by a type-T peeling method at the peeling speed of 200 mm/min at room temperature to obtain a curve of.
a seal strength vs peeling strength, from which the temperature at which the peeling strength became 300 g/15 mm was
calculated and designated as the heat seal temperature.

[0767]

Seal duration: 2 seconds o ' . '
Seal area: 15 x 10 mm
Seal pressure: 5.3 kg/em?

Seal temperature: Several temperatures over the range whlch mclude the heat seal temperature to be calculated
later :

[0768) The temperature of a heat seal bar is corrected to the value read by a surface thermometer.
[9] Melting point (Tm°C) &nd crystallization temperature (Tc°C) of resin

[0769] Using a differential scanning calorimeter (Perking.Eime;’, DSC-7), 10 mg of a sample is fused for 3 minutes

. at 230°C under a nitrogen atmosphere and then the temperature is lowered to 0°C at the rate of 10°C /minute. The peak

top of the maximum peak in the crystallization exothermic curve obtained dunng this course was regarded as the crys-

" tallization temperature (Tc°C). After holding at 0°C for 3 minutes, the temperature is 'raised at the rate of 10°C/minute

to obtain a fusion endothermic curve, in which the peak top of the maximum peak was regarded as the meiting point
(Tme°C). ’

[10] Criteria for eutectic based on direct fusion endothermic curve of film sample

[0770]) A eutectic formation of a polymer in this invention is judged to have taken place when the peak top, cbserved
in a fusion endothermic curve obtained by subjecting. 10 mg of a film sample which had just been cast-molded to a dif-
ferential scanning calorimetry (Perking Eimer, DSC-7) under nltrogen atmosphere in which the temperature was kept at
0°C for 3 minutes and then raised at 10°C/min, is single. .

[0771] In an actual determination, the peak observed may have two or more resolved peak tops derived from melt-
ing points of resin components as the constituents of the film, or may have a single peak top associated optionally with
the shoulder or trace peaks possibly derived from the components other than the resin components. Accordingly, the
result is indicated as: (O: which indicates the eutectic formatlon when a single peak top with or without overlapping
shoulders or traces is observed; and,

x: which indicates no eutectic formation when two or more peak tops with or without overlapping shoulders or traces is
observed.

[Example Vi-1]
(1) Production of component (A-1)

[0772]) A 10 L stainless steel autoclave was charged with 4.0 L of toluene, 8 mmol of triisobutylaluminium and 20
pmol of tetrakis-pentafluorophenylborate dimethylanilinium salt, and the mixture was heated to 40°C and combined with
10 mmol of hydrogen, and then propylene was introduced until the total pressure became 7.0 kg/cm?-G. At this point,
§ pmol of (1,2'-ethylene)(2,1'-ethylene)-bis(indenyl)hafnium dichloride was added and the polymerization was initiated.
Propylene was supplied via a pressure controller to keep a constant pressure. After 2 hours, the content was recovered,
dried under reduced pressure to obtain 820 g of polypropylene.

[0773] The polypropylene thus obtained had the meso-pentad fraction (mmmm (in percentage terms by mole)) of
91 %, the intrinsic viscosity [n) of 1.5 dl/g and the molecular weight distribution (Mw/Mn ratio) of 1.9.

(2) Production of component (B-1)
t0774] A 1 L stainless steel autoclave was charged with 400 mL of toluene, 1 mmol of triisobutylaluminium and

4umol of tetrakis-pentafluorophenylborate dimethylanilinium salt and the mixture was heated to 55°C and combined
with 4 mmol of hydrogen, and then propylene was introduced urtil the total pressure became 7.0 kg/cm2 G. At this
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* ‘point, 1 umol of (1,2-ethylene)(2, 1'-ethylene)-bis(indenyi)hafnium dichloride was added and the polymerization was ini-
_tiated. Propylene was supplied via a pressure controller to keep a constant pressure. After 1 hours, the content was

recovered, and poured into a large amount of methanol, filtered and dried to obtain 75 g of polypropylene. -
[0775] The polypropylene thus obtained had the meso-pentad fraction (mmmm (in percentage terms by mole)) of

.80 %, the intrinsic viscosity [1] of 0.5 dl/g and the molecular weight distribution (Mw/Mn ratio) of 2.0.

(3) Formulatuon and kneading-

[0776] 91 parts by weight of the component A-1 and 9 parts by weight of the component B-1, in combination with
antioxidants, namely, 750 ppm by weight of IRGANOX 1010 (manufacture by Ciba Specialty Chemicals, trade name)
and 750 ppm by weight of IRGANOX 168 (manufactured by Ciba Specialty Chemicals, trade name), and 500 ppm by
weight of calcium stearate as a neutralizing agent, 1000 ppm by weight of erucic acid amide as a slipping agent, and

- 1800 ppm by weight of a silica-based anti-blocking agent as an anti-blocking agent were kneaded by a single-screw

extruder (manufactured by TSUKAD AJUKISEISAKUSHO: Mode! TLC35-20) to obtain a resin composition. R
(4) Film forming

[0777] By means of a T die cast molding method and using a 20 mm¢ T die cast molding machine manufactured.
by TSUKADA JUKISEISAKUSHO, a film whose thickness was 25um was formed under the conditions specified below. ‘
After a film was formed at the T die exit temperature of 191°C, the chill roll temperature of 30°C, and the haul-off speed
of 6 m/min, it was aged at 40°C for 24 hours.

[0778] The film thus obtained was examined for the tensile modulus, the film impact and the heat seal temperature
together with the film molding stability, and the results are shown in Table VI-1. In this table, Example 1 means Example
VI-1. The same applies analogously to Example 2 or later as well as Comparative Examples. The film molding stability
was very satisfactory, and adverse events such as neck-in were not observed. '

[Example VI-2)

[0779] A resin was prepared and a film was formed and evaluated similarly as in Example VI-1 except for using the '
component (A-1) in the amount of S0 % by weight instead of 91 % by weight and using 10 parts by weight of the com-

ponent (B-2) instead of 9 parts by weight of the component (B-1). The results are shown in Table VI-1.

[0780] The film molding stability was very satisfactory, and adverse events such as neck-in were not observed. No

blisters were observed.

Production of component (B-2)

- 1) Preparation of magnesium compound

{0781] A reaction chamber fitted with a stirrer (whose capacity was 500 L) was purged thoroughly with a nitrogen
gas, and charged with 97.2 kg of ethanol, 640 g of iodine and 6.4 kg of elemental-magnesium, and the mixture was
reacted under reflux with stirring until the evolution of a hydrogen gas from the reaction system ceased, whereby obtain-

‘ing a solid reaction product. The fiuid reaction mixture containing this solid product was dried under reduced pressure

to obtain an intended magnesium compound.
2) Preparation of solid catalyst component

[0782] A reaction chamber fitted with a stirrer (whose capacity was 500 L) purged sufficiently with a nitrogen gas
was charged with 30 kg of the magnesium compound obtained above (not pulverized), 150 L of purified heptane (n-hep-
tane), 4.5 L of silicon tetrachloride and 5.4 L of di-n-butyl phthalate. The reaction system was kept at 80°C, and 144 L
of titanium tetrachloride was added with stirring and the reaction was continued at 110°C for 2 hours and then the solid
components were separated and washed with a purified heptane at 80°C. Addition of 288 L of titanium tetrachloride fol-
lowed by the reaction at 110°C for 2 hours followed by a sufficient washing with a purified heptane at 80°C yielded a
solid catalyst component.

3) Pretreatment

[0783] A 500 L reaction chamber fitted with a stirrer was charged with 230 L of a purified heptane (n-heptane), and
fed with 25 kg of the solid catalyst component obtained above, and 1.0 molV/mal of triethylaluminium and 1.8 mol/mol of
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dicyclopentyldimehtoxy#iIane, both per titanium atom of the solid caialysf éom'ponent. Subsequently, propylene was’
introduced at the partial pressure of 0.3 kg/cm? G, and the reaction was continued for 4 hours at 25°C. After completion
of the reaction, the solid catalyst component was washed several times with a purified heptane and fed further with car-

. bon dioxide and stirred for 24 hours

4) Main polymerization

[0784] A200L potyrherization reactor fitted with a stirrer was charged with propylene, and aiso fed with 3 mmolkg-
PP, as titanium atom in the solid catalyst component, of the catalyst component, 4 mmol/kg-PP of triethylaluminium and
1 mmol/kg-PP of dicyclopentyldimethoxysilane, and then the mixture was reacted at the polymerization temperature of
80°C and the polymerization pressure (total pressure) of 28 kg/cm2 G. In this Example, the hydrogen supply was
adjusted so that the intended molecular weight was achieved. The polymer (B) thus obtained had the % isotactic pentad

‘of 97.6 mol % and the melt index of 5.8 g/10 minutes. Analysis (gas chromatogl"aphy) of the composition of the gas in

the polymerization reactor during polymerization revealed that the hydrogen'con:ientration was 4.2 % by mole.

[Example VI-3]

[0785]) A resin was prepared and a film was formed and ‘evaluated similarly as in Example VI-1 except for using 90
% by weight of the component (A-2) instead of 91 % by weight of the component (A+1) and also using 10 parts by weight

" of the component (B-2) instead of 9 parts by weight of the component (B-1). The results are shown in Table VI-1.
. [0786]) The film moldmg stability was very sallsfactory, and the release from the chill roll was aiso satlsfaclory No

blisters were observed.

Production of oomponent (A-2)

1)(1,2'ethylene)(2, 1'-ethylene)-bis(3- methyllndenyl)zwconlum dlchlorlde
{0787] The method sumllar to that in Example i-1 in the first lnventlot_\ was employed.
2) Polymerization

[0788] A 10 L stainless steel autoclave was charged with 5 L of heptane, 5 mmol of triisobutylaluminium, and a cat-
alyst component obtained by bringing 19 mmol as At of a methyl aluminoxane (manufactured by Albemarie) into prelim-
inary contact with 19 umol of (1,2'-ethylene)(2, 1'-ethylene)-bis(3-methylindenyl)zirconium dichloride prepared above in
toluene for 30 minutes, and the temperature was raised to 40°C and the propylene gas was introduced until the total
pressure became 8.0 kglcm2 G. During polymerization, the propylene gas was supplied using a pressure controller to
keep a constant pressure, and after 1 hour the content was recovered and dried under reduced pressure to obtain poly-
propylene.

[Comparative Example VI-1]

{0789] A resin was prepared and a film was formed and evaluated éimilarly as in Example VI-1 except for using only
the component (A-1) without incorporating the component (B-1). The results are shown in Table VI-1. Upon film-form-
ing, neck-in was observed.

[{Comparative Example VI-2]

[0790] A resin was prepared and a film was formed and evaluated similarly as in Example VI-1 except for using only
the component (A-2) without incorperating the component (B-1). The results are shown in Table VI-1. The release of
the film from the chill roll was very poor, and the film could not be molded.

[Comparative Example VI-3)

[0791] A resin was prepared and a film was formed and evaluated similarlty as in Example VI-1 except for using

E2900 produced by IDEMITSU SEKIYU KAGAKU which was obtained using a non-metallocene catalyst (titaniunmvmag-

nesium-based catalyst) instead of the components (A-1) and (B-1). The results are shown in Table Vi-1. Although the
film molding could be performed satisfactorily, the chill roli tended to be spotted.
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[Comparative Example VI-4]

[0792] A resin was prepared and a film was formed and evaluated similarly as in Example VI-1 ekcept for using 50

" % by weight of the component (A-2) instead of 91 % by weight of the component (A-1) and also using 50 parts by weight

of the component (B-2) instead of 9 parts by weight of the component (B-1). The results are shown in Table VI-1,

[0793]) Although the film molding could be performed satisfactorily without exhibiting particular adverse events, sev-

eral blisters were observed.
[Comparative VI-5] ' -
[0794] A resin was prepared and a film was formed and evaluated similarly as in Example Vi-1 except for using the

component (A-1) in the amount of 95 % by weight instead of 91 % by weight and using 5 parts by weight of a high den-
sity. polyethylene (manufactured by IDEMITSU SEKIYU KAGAKU, IDEMITSUHDPE 640UF) instead of 9 parts by

. weight of the component (B-1). The results are shown in Table Vi-1.

[0795) Although the film molding could be performed satisfactorily without exhibiting particular adverse events sub-
stantial blisters formed made the determination of the physical characteristics impossible.

L
1
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' '[Seventh invention)

. [0796] The methods for evaluating the resin characteristics, for film-forming and for qualifying a film are discussed
below. !

{A) Method for evaluating resin characteristics -
"1) 1-Octene unit content (% by mole) in copétymer and stereoregularlity index (P(% by mole))

[0797} The 1-octene unit content (% by mole)) in the copolymer was obtained in accordance with the foliowing
equation (1) from the spectrum determined by the 13C.NMR. ’

+

(22 + 1[4))

(2B a2 X 1) - 100 )

1-Octene unit content =

. ‘l ) X
[0798] Also in accordance with the following equation (2), a stereoregularity index (P (% by mole)) of the copolymer
was obtained. - : ' :
+
! _ (e x 100 : . o
P= 6+ 78]} o

’

wherein [1], [2] and the like represent the signals of a spectrum of a random copolymer of propylene and 1-octene
determined by '3C-NMR. I[1], I[2] and the like represent the respective signal intensities. The signals of a spectrum of
a random copolymer of propylene and 1-octene determined by *3C-NMR are indicated in Table VI-1. ) )

[0799] Instead of the signal of a PPP chain Saf carbon which was difficult to be determined because of the over-
lapping signal of PPP chain Taf carbon, the signal intensity of 2a PPP chain Sap carbon was indicated as an alternative. -

[0800] A 3C-NMR spectrum was obtained using Nippon Densi Model JNM-EX400 NMR device under the condi-
tions specified below. ’

Sample concentration: 220 mg/3 m! NMR solvent

NMR Solvent: 1,2,4-Trichlorobenzene/benzene-d6 (90/10v ol)
Determination temperature: 130°C

Pulse gap: 45°C

‘Pulse interval: 4 seconds

Number of cycles: 4000 times -

2) 1-Dodecene unit content (% by mole) in copolymer and stereoregularlity index (P(% by mole))

[0801] The 1-dodecene unit content (% by mole)) in the copolymer was obtained in accordance with the following
" equation (3) from the spectrum determined by the '3C-NMR.

(I[2V/2 + I[4]) x 100

1-Dodecene unit'content = TT1+121+3 x +TBR AT ' (3)

[0802] Also in accordance with the following equation (4), a stereoregularity index (P (% by mole)) of the copolymer
was obtained. '

_ (5] x 100 S
P = MR ier7n “

wherein [1], (2] and the like represent the signals of a spectrum of a random copolymer of propylene and 1-dodecene
determined by '3C-NMR. I[1], I[2] and the like represent the respective signal intensities. The signals of a spectrum of
a random copolymer of propylene and 1-dodecene determined by '3C-NMR are indicated in Table VII-2.

[0803] Because of the difficulty in resolving the signal of a PPP chain Safcarbon from the overtapping signal of

123
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PPP chain Taf carbon and the signal of a PPP chain Saf carbon from the overlapping signal of the side chain methyl-
ene carbon of a 1-dodecene unit, the signal intensity of a PPP chain Saca carbon was employed as a substitute.

3) 1-Decene unit content (% by mole) in copolymer andAstereoregularlity index (P(% by mole))

‘[0804] The 1-decene q.nit content (% by mole)) and the stereoregularhty index (P(% by mole)) of the copolymer’

were obtained by the method similar to that in above 2) except for using Table VII-3 indicating the signals of a. spectrum
of a random copolymer of propylene and 1-decene by the 13C-NMR instead of Table ViI-2.

{osos) Because of the difficulty’in resolving the signal of a PPP _cham Saf} carbon from the overlapping signal of
PPE chain Taf carbon and the signal of a PPP chain Saf carbon from the overlapping signal of the side chain methyl-
ene carbon of a 1-decene 'unit, the signal intensity of a PPE chain Sax carbon was employed as a substitute.

4) Ethylene unit content (% by mole) in copolymer and stereoregularllty index (P(% by mole))

[0808] The ethylene unit content (% by mole)) in the copolymer was obtained in accordance with the followmg
equation (5) from the spectrum determined by the 13C.NMR. .

Ethylene unit content=E/S x 100 (5)

0

wherein S and E are each represented as follows: , .
S=IEPE + IPPE + IEEE + IPPP + IPEE + IPEP'
E=IEEE + 2/3(IPEE + IEPE) + 1/3(IPPE + IPEP)
wherein: . ' '
.IEPE=I(12)
IPPE:I(15)+I(1,1)+j('l(14)-|(1 i))/2+l(10)
IEEE=I(18Y2+I(17)/4" '
IPPP=I(19)+(I(6)+1(7))/2+(3)+(13)+1(1 1)+(I(14)-1(11))/2
IPEE=I(20)
! o IPEP=(1(8)+(9)-2x(1(11))/4+1(21).

[0807] A stereoregularity index (P (% by mole)) of the copolymer was obtained according to the equation (6) shown
below. '

P=Im/ix100 : 6
wherein Im and | are each l;epresented as follows:

- Im=1{22)

1=1(22)+(23)+1(24)-{(1(8)+1(9))/2+1(1 0)+3/2xAl(1 THI(12)+1(13)+1(15)}.
[0808] In the equation shown above, (1), (2) and the like are the signals of a spectrum of a random copolymer of
propylene and ethylene obtained by 13C-NMR, and I(1), {2) and the like represent the intensities of respective signals.

The signals of a spectrum of a random copolymer of propylene and ethylene determined by 13C-NMR are shown in
Table VII-4.

5) t-Butene unit content (% by mole) in copolymer and stereoregularlity index (P(% by mole))

[0809]) The 1-butene unit content (% by mole)) in the copolymer was obtained in accordance with the following
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equation (7) from the spectrum determined by the '3C-NMR.

. _ (22 + 1[4]) ’ .
1-Butene unit content = R RHGEER2 % 05 x 100 R )

[0810] Also in accordance with the following equation (8), a stereoregularity index (P (% by mole)) of the copolymer
was obtained.

,_(in2) x 100 ;
P= {IN2}+[13]+1[14]} . ®)
wherein [1], (2]'and the like represent the signals of a spectrum of a random copolymer of propylene and 1-butene
deterrnined by 13C.NMR. I[1], I{2] and the like represent the respective signal intensities. The signals of a spectrum of

a random copolymer of propylene and 1-butene determined by 13C-NMR are indicated in Table VII-5.
[081 1] The signal of a PPP chain Saf carbon was substituted with the signa| intensity of a PPP chain SaB carbon.

6) Main elution peak temperature (Tp), half of main elution peak temperature (Th), elution Ievel at 0°C (WD) and elutlon
level in temperature range from (Tp-5)°C to (Tp+5)°C

[0812] A temperature-raising fractional chromatography (TREF) obtained usmg the devices, the procedure and the
conditions specified below.

Tp: Peak top temperature of main elution peak in elution curve

WO: % By weight of component which are dissolved out instead of bemg adsorbed onto a packing at the column
temperature of 0°C based on the total weight -
WP: % By weight of component which are dissolved out instead of being adsorbed onto a packing in the tempera— h
ture.range of (Tp-5)°C to (Tp+5)°C based on the total weight

W(TP+10): % By weight of component which are dissolved out instead of being adsorbed onto a packing at a col-
umn temperature not lower than (Tp+10)°C based on the total weight

A) Operating procedure

[0813] A sample solution is introduced into a TREF column adjusted at 135°C and then the temperature is lowered
gradually at the lowering rate of 5°C/hour to 0°C to allow the sample to be adsorbed onto the packing. Subsequently,
the column temperature was raised at the raising rate of 40°C/hour to 135°C to obtain an elution curve.

B) Instruments
[0814]

TREF column: Manufactured by GL SCIENCE, Silica gel column (4.6 x 150 mm)

Flow cell: Manufactured by GL SCIENCE, pathiength 1 mm, K8r cell

Feed pump: Manufactured by SENSHU KAGAKU, Pump Mode! SSC-3100

Valve oven: Manufactured by GL SCIENCE, Oven model 554

TREF oven: Manufactured by GL SCIENCE

Dual-system thermostat: Manufactured by RIKAGAKU KOGYO, Thermostat model REX-C100
Detector: infrared detector for HPLC, Manufactured by FOXBORO CORP, Model MIRAN 1A CVF
10-way valve: Manufactured by VALCO, Electric valve

Loop: Manufactured by VALCO, 500 pL Loop

C) Operating conditions
{0815)

Solvent: o-Dichlorobenzene
Sample concentration: 7.5 g/L
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Injection volume: 500uL '

Pumping rate: 2.0 mL/min ]

Detection wavenumber: 3.41 um o o
Column packing: CHROMOSOLVE P (30 to 60 mesh)

Column temperature deviation: Within 0.2°C

7) Intrinsic viscosity {[n] dl/g) determined in decalin at 135°C

[0816] Measurement.was made by the method desc_ribed in the first invention.

8) Crystallization ternperature (Tc(°C)) and melting point (Tm(°C)) determined by differential scanning microscopy

'[0817]  Measurement was made by the method described in the first invgntién.

9) Criteria for eutectic based on crystallization exothermic curve of film samble
[0818] . A eutectic formation of a polymer in this invention is judged to have taken place when the peak top of the
maximum peak, observed in a crystalliization exothermic curve obtained as described in above 8) by subjecting a film

sample which had just been cast-molded to a differential scanning calorimétry.(Perkin Elmer, DSC-7), is a single peak

and at the same time the crystallization temperature of this film is higher than that of a component (A)'and lower than

- that of a component (B').

10) Molecular weight distribution Mw/Mn ratio

[0819] Measurement was made by the method described in the first invention.
(B) Film-forming method

[0820] From a pellet of the propylenic resin in Examples and Comparatives described below, a fiim whose thickness

was 30um was formed using a 20 mm¢ molding machine manufactured.by TSUKADAJUKISEISAKUSHO under the
molding conditions specified below. '

T die exit resin temperature: 192°C
Haul-off speed: 6.0 m/min

Chill roli temperature: 30°C

Chill roll: Mirror .

(C) Film quatification

[0821] A film once formed was subjected to aging at 40°C for 24 hours followed by conditioning at a temperature of
23+2°C and a humidity of 50£10% for 16 hours or longer and then qualified at the same temperature and humidity.

1) Heat seal performance -

[0822) A test was conducted in accordance with JIS Z-1707. The fusing conditions were as indicated below. The-
temperature of the heat seal bar was corrected as being read by a surface thermometer. After sealing followed by allow-
ing to stand at room temperature overnight, the peeling strength was determined by a type-T peeling method at the
peeling speed of 200 mrmvmin at room temperature. The heat seal temperature was obtained as a temperature at which
the peeling strength was 300 g/15 mm by calculating on the basis of a curve of a seal strength vs peeling strength.

Seal duration: 1 second
Seal area: 15 mm x 15 mm
Seal pressure: 2.0 kglcm2

Seal temperature: Several temperatures over the range which include the heat seal temperature to be calculated
later
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'2) Anti-blocking ability

[0823) A rectangular film (30 cm x 15 cm) was fixed on a mount whose size was 10 cm x 10 cm and fused under
the conditions specmed below, and subsequently the peellng strength was determined.

Fasing condition 1, Temperature:60°C, Duration: 3 hours, Load: 36 g/cm?, Area:10 cm x 10 cm
lfusing coﬁdition 2, Temperature:50°C, Duration: 1 week, Load: 15 g/cma, Area:10cm x 10 cm
[0824] The peeling test was conducted under the conditions shown below.

Test speed: 20 mm/min’
Load cell: 2 kg

3) Slipperiness
]

[0825] A sled on which a film was applied was allowed to stand on a glass plate on which the film was also applied,

and then the glass plate was tilted and the tangent of the angle 6 at which the sled began to slip was determined. The -

friction angle meter manufactured by TOYOSEIK|I was employed in the test under the conditions specified below.

Slipping surface: Metal roll surface/metal roll surface
Tilting speed: 2.7°/sec
Sled weight: 1 kg
Sled sectional area: 65 cm?
Interface pressure: 15 g/cm?
4) Haze
[0826] A test was conducted in accordance with JIS K-7105.
5) Tensile modulus
[0827] A tensile test was conducted under the conditions specified below in accordance with JIS K-7127.
Crosshead speed: 500 mnvmin
Load cell: 10 kg )
Direction: Machine direction (MD)

6) When a tensile modulus (TM (MPa)) and a heat seal temperature (HST(°C)) are in the relationship represented by
Formula (II):

{0828)

TM > 22 x HST - 1850 : (h)
then the result was judged as OK, and when not the result was judged as NO.
[Example VII-1]

(Production of copolymer (A'-1))

[1] Preparation of (1,2'-ethylene)(2,1'-ethylene)-bis(3-methylindenyi)zirconium dichloride
[0829] The method similar to that in Example I-1 in the first invention was employed.
[2] Polymerization (propylene-1-butene copolymer)

[0830] A 10 L stainless steel autoclave was charged with 5 L of heptane, 5 mmol of triisobutylaluminium, 50 g of 1-
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butene, and a catalyst component obtained by bringing 19 mmol, as aluminum, of a methyl aluminoxane (Albemarle)
into prefliminary contact with 19 pmol of (1 ,2'-ethy|ene)(2,1'-eihylene)-bis(s-methylindenyl)zirconium dichloride in tolu-
ene for 30 minutes, and the mixture was heated to 40°C and the propylen'e gas was introduced until the total pressure
became 8.0 kg/cm2 G. Dunng polymerization, the propylene gas was supplied using a pressure controller to keep a -

constant pressure, and after 1 hour the content was recovered and dried under.reduced pressure to obtain a propylenic
copolymer.

[0831] The copolymenc powder thus obtained was combined wuth the following additives and extruded by a

- kneader into a pellet. ' . !

1) Antioxidant

IRGANOX '1 010 available from Ciba-geigy: 1000 pprri
and, '
IRGAPHOS 168 available from Ciba-geigy: 1000 ppm

2) Neutralizing agent '« » * Calcium stearate: 1000 ppm
3) Anti-blocking agent - - - Silica-based agent: 1800 ppm
4) Slipping agent » « « Erucic acid amid: 500 ppm

[0832] A copolymer pellet thus obtained was examined for its resin charactensncs by the method In Sectlon (A)

"described above

{Propylenic polymer (8"))
1) Preparation of magnesium compound

[0833] A reaction chamber fitted with a stirrer (Whose capacity was 500 L) was purged thoroughly with a nitrogen
gas, and charged with 97.2 kg of ethanol, 640 g of iodiné and 6.4 kg of elemental magnesium, and the mixture was
reacted under reflux with stirring unti! the evolution of a hydrogen gas from the reaction system ceased, whereby obtain-
ing a solid reaction product. The fiuid reaction mixture containing this solid product was dried under reduced pressure
to obtain an intended magnesium compound.

2) Preparation of solid catalyst component

[0834] A reaction chamber fitted with a stirrer (whose capacity was 500 L) purged sufficiently with a nitrogen gas
was charged with 30 kg of the magnesium compound obtained above (not pulverized), 150 L of purified heptane (n-hep-
tane), 4.5 L of silicon tetrachloride and 5.4 L of di-n-butyl phthalate. The reaction system was kept at 90°C, and 144 L
of titanium tetrachloride was added with stirring and the reaction was continued at 110°C for 2 hours and then the solid
components were separated and washed with a purified heptane at 80°C. Addition of 288 L of titanium tetrachloride fol-

lowed by the reaction at 110°C for 2 hours followed by a sufficient washlng with a purified heptane at 80°C yielded a
solid catalyst component. .

3) Pretreatment

[0835] A 500 L reaction chamber fitted with a stirrer was charged with 230 L of a purified heptane (n-heptane), and -
fed with 25 kg of the solid catalyst component obtained above, and 1.0 mo¥/mol of triethylaluminium and 1.8 moV/mo! of
dicyclopentyldimehtoxysitane, both per titanium atom of the solid catalyst component. Subsequently, propylene was
introduced at the partial pressure of 0.3 kg/cm? G, and the reaction' was continued for 4 hours at 26°C. After completion
of the reaction, the solid catalyst component was washed several times with a purified heptane, and fed further with car-
bon dioxide and stirred for 24 hours.

4) Main polymerization

[0836] A 200 L polymerization reactor fitted with a stirrer was charged with propytene, and also fed with 3 mmol/kg-
PP, as titanium atom in the solid catalyst component, of the catalyst component, 4 mmol/kg-PP of triethytaluminium and
1 mmol/kg-PP of dicyclopentyldimethoxysilane, and then the mixture was reacted at the polymerization temperature of

80°C and the polymerization pressure (total pressure) of 28 kg/cm2 In this Example, the hydrogen supply was adjusted
so that the intended molecular weight was achieved. The polymer (B) thus obtained had the % isotactic pentad of 97.6
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fying the following requirements (1) to (3) and 99 to 1 % by weight of a crystalline propylenic polymer [Il]4:‘

(1) the meso-pentad fraction (mmmm {in percentage terms by mole)) ranges from 20 to 60 %'by mole;
'(2) the racemi-pentad fraction (rrrr) and (1-mmmm) are in the relationship represented by the following formula:

.

[rree/(1-mmmm))<0.1

wherein the racemi-pentad fraction (rrrr) and the meso-pentad fraction (mmmm) are not in percentage terms;
and, 7 -

(3) the amount of the components which are dissolved out at 25 °C or lower (W25} in a temperature-raising
chromatography ranges from 20 to 100 % by weight.

39. ‘A propylenic resin composition of Claim 37 or 38 in which a propylenic polymer [1] of Claim 37 or a propylene
homopolymer [a} of Claim 38 satisfies the following requirements (1) and/or (2):

(1) the molecular weight distribution (Mw/Mn) determined by a gel permeation chromatography (G PC)is 4 or
o less; and,

(2) the intrinsic viscosity [n] determined in a tetralin solvent at 135 °C ranges from 0.5 to 15.0 di/g.

, .
40. A propylenic resin composition of any of Claims 37 to 39 in which a propylenic polymer (I} of Claim 37 or a propyl- -
ene homopolymer [a] of Claim 38 exhibits no melting point (Tm(°C)) in DSC. )

41. A film or a sheet having a layer produced by a propylenic resin composition of any of Claims.36'to 40.
42. A film or a sheet of Claim 37 whose haze determined in accordance with JIS K7105 is 10 % or less.

43. A polypropylenic resin composition comprising (A) 99 to 50 % by weight .of a propylene homopolymer having the
- following characteristics {a1) to (a4):

" (a1) the intrinsic viscosity [n] is 0.5 to 5.0 dl/g;
(a2) the molecular weight distribution (Mw/Mn) is 3.5 or less;
(a3) the isotactic pentad fraction (mmmm (in percentage terms by mole)) is 40 to 99 % by mole; and,
(a4) the isotactic pentad fraction (mmmm (in percentage terms by mole)) and the melting point (Tm(°C)) are in
the relationship represented by the following formuia {I):

Tms[mmrﬁm] + 65 (UK

and,

(B) 1 to 50 % by weight of a propylene homopolymer capable of forming an eutectic with a component (A) under a
rapid cooling condition upon film formation.

44. A polypropylenic resin composition of Claim 43 in which the crystallization temperature (TcB °C) of a component
(B) determined by a differential scanning calorimetry is higher by 0 to 40 °C than that (TcA °C) of a component (A).

45. A polypopylenic resin composition comprising (A} 99 to 50 % by weight of a propylenic polymer obtained by a
polymerization using a metallocene catalyst which is a propylene homopolymer and has an isotactic pentad frac-
tion (mmmm) of 80 to 99%, an intrinsic viscosity [n] of 1.0 to 2.0 di/g and a molecular weight distribution (Mw/Mn
ratio) of 3.5 or less, and, (B') 1 to S0 % by weight of a propylenic polymer obtained by a polymerization using a met-
allocene catalyst which is a propyiene homopolymer and has an intrinsic viscosity [n] of 0.01 to 1.0 dig and a
molecular weight distribution (Mw/Mn ratio) of 3.5 or less.

486. A film formed using a propylenic polymer oomposiiion of any of Claims 43 to 45.

47. A propylenic resin comprising 99 to 50 % by weight of @ propylene-a-olefin copolymer (A") having the following
characteristics (a1) to (a5): ’

(a1) the intrinsic viscosity {n] is 0.5 to 5.0 dl/g;

151



10

15

45

.49,

-50.

51.

52.

53.

55.

EP 1 095 951 A1

(a2) the molecular weight distribution (Mw/Mn) is 3.5 or less; .

(a3) the sterecregularity index (P) is 55 to 90 % by mole, oL

(a4) it is a propylenic random copolymer produced by copolymerizing propylene and ethylene and/or an a-ole-
fin having 4 to 20 carbon atoms, in which the ethylene and/or an.a-olefin havrng 4 to 20 carbon atoms is con-
tained in an amount of 0.1 to 30 % by mole; and,

(a5) the amount of the: components which are dissolved out at 0 °C. or lower In a temperature raising fractional’
chromatography is 10 % by weight or less;

and, C e

1 to 50 % by weight or a propylenic polymer (8" capable ‘of forrmng an eutectic with a component (A") under a rapid
cooling condition upon film formation.

A propylenic resin of Claim 47 in which the crystallization temperature (T'CB °C) of a component (B') determined.
by a differential scanning calorimetry Is higher by 0 to 40 °C than that (T'CA °C) of a component (A").

A propylenlc resin comprising a copolymer (A) of propylene and an a-olefin havrng S or more carbon atoms and a
propylenic polymer (B) having a crystallization temperature determined by a differential scanning calorimetry which
is hlgher than that of the component (A), wherein (A) is present in an amount of 55 to 99 parts by weight and (B) in_
an amount of 45 to 1 parts by weight. . ,

A propylenic resin of Claim in which the crystallization temperature (Tca °C)"of'a copolymer (A) and the crystalliza-

tion temperature (Tcb °C) of a propylenic polymer (B), as determined by 8 drfferentla| scanning calorimetry, are in.
the relationship represented by the following formula: .

Tcb-Tea220 ) M
| . .

A propylenic resin of Claim 49 or 50 in which the propylenic resin, when subjected to a temperature-raising frac-

tional chromatography, satisﬁes the following requirements (1), (2) and (3):

(1) when the main elution peak temperature is Tp(°C) the amount of the components dissolved out within the
temperature range from (Tp-6) °C to (Tp+5) °C is 65 % by weight or more;

(2) the amount of the components dissolved out at 0 °C or.lower is 3 % by weight or less; and,

{3) the amount of the components dissolved out at Tp+10 °C or higher is 1 to 45 % by weight, based on the
total weight. : : ’ o ’

A propylenic resin of any of Claims 49 to 51 wherein the peak top temperature on the side of the maximum temper-
ature on the crystallrzatlon curve of the propylenic resin, as determined by a differential scanning calonmetry, is 85
°C or higher.

A propylenic resin of any of Claims 49 to 51 wherein the peak top temperature on the side of the minimum temper-
ature on the fusion curve of the propylenic resin, as determined by a differential scanning calorimetry, is 150 °C or
lower.

. A propylenic resin of any of Claims 49 to 53 wherein a copolymer (A), when subjected to a temperature-raising frac-

tional chromatography, satisfies the following requirements (A-1) and (A-2):

{A-1) when the main elution peak temperature is Tp, the amount of the components dissolved out within the ’
temperature range from (Tp-5) °C to (Tp+5) °C is 70 by weight or more; and,
(A-2) the amount of the components dissolved out at 0 °C.or lower is 3 % by weight or less.

A propylenic resin of any of Claims 49 to 54 wherem a copolymer (A) satlsfles at least one of the following require-
ments (A-3), (A-4) and (A-5):

(A-3) a copolymer (A) contains an a-olefin unit having 5 or more carbon atoms in an amount of 0.1 to 12 % by
mole;

(A-4) the stereoregularity index (P) of a copolymer (A) is 85 % by mole or higher; and,
(A-5) a copotymer (A) has an intrinsic viscosity [n] determined in a decalin at 135 °C ranges from 0.5to0 3.0 dl/g.
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A propylenic resin of any of Claims 49 to 55 wherein the a-olefin unit having 5 or more carbon atoms w.hich isa
constituent unit of a copolymer (A) is at least one of 1-octene, 1-dodecene and 1-decene.

A film formed using a propylenic resin of any of Claims 47 to 56.

A laminated article comprising as at least one layer component a propylenic polymer of any of Claims 47 to 56.

A compound of a transition metal Group 3 to Group 10 or of lanthanoids in the periodic table represented by For-
mula (VIli): '

(VIII)

wherein each of A3 and A4 denotes a crosslinking consisting of Group XIV metal (C, Si, Ge, Sn) and may be same
to or different from each other, X4 denotes a o-binding or n-binding ligand, and when two or more X4 are present
they may be same or different, Y5 is a Lewis base and when two or more Y5 are present they may be same or dif-
ferent, and each Y5 may be crosslinked with other Y5 or X4, q is an integer of 1 to 5 and represents [(valency of
M3)-2], ris an integer of O to 3, each of R21 to R30 denotes a hydrogen atom, a halogen atom, a hydrocarbon group
having 1 to 20 carbon atoms, a silicon-containing group and a heteroatom- containing group. and M3 denotes a
metal element of Group 3 to Group 10 or of lanthanoids in the periodic table.

An olefin-polymerizing catalyst obtained by bringing (A) a transition metal element of Group 3 to Group 10 or of lan-
thanonds in the periodic table of Claim 59 into contact with (B) a compound capable of forming an ionic complex by
reactmg with a transition metal compound as a component (A).

An olefin-potymerizing ca{talyst obtained by bringing (A) a transition metal element of Group 3 to Group 10 or of lan-
thanoids in the periodic table of Claim 59 into contact with (B) a compound capable of forming an ionic compiex by

reacting with a transition metal compound as a component (A) and with (C) an organic aluminium compound.

A method for producing an olefinic polymer characterized in that an olefin is polymerized in the presence of an ole-
fin-polymerizing catalyst of Claim 60 or 61. ’

A methad for producing an olefinic potymer of Claim 62 wherein an organic aluminium compound is a triatkyl alu-
minium.

A method for producing an olefinic polymer of Claim 62 or 63 wherein an olefin is propyiene.
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